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ABSTRACT 

A Health Maintenance Facility is currently under 
development for Space Station application that will provide 
capabilities equivalent to those found on earth. This final 
report addresses the study of alternate means of diagnosis 
and evaluation of impaired tissue perfusion in a micro gravity 
environment. Chemical data variables related to the 
dysfunction and the sensors required to measure those variables 
are reviewed. A technology survey outlines the ability of 
existing systems to meet those requirements. How the candidate 
sensing system was subjected to rigorous testing is explored 
to determine its suitability. Recommendations for follow-on 
activities are included that would make the commercial system 
more appropriate for Space Station application. 
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SUMMARY ! 

The objectives of this work were (a) to review chemical data 
variables desired for evaluation of impaired tissue perfusion, 
(b) to review sensors required for the evaluation (c) to survey 
and critique available state-of-the-art technology for satisfying 
the sensor requirements, and (d) to formulate a plan for design 
and evaluation of required sensors. In addition, a prototype 
test instrument for measurement of key data variables was 
assessed. 

After consideration of previous work, it was felt that 
chemical data variables of particular importance include the 
blood gases as well as specific electrolytes, especially hydrogen 
and potassium. Other electrolytes and chemical compounds, such as 
lactate and glucose, may also prove to be valuable. Many off- 
the-shelf instruments are currently available for determination 
of most of the data variables identified above. However, for the 
most part these are geared toward quantitation of blood gases and 
pH or toward individual electrolytes or other chemical compounds. 
One instrument was identified which has the capacity for 
determination of blood gases and a variety of electrolytes in a 
single sample of whole blood. The instrument is the NOVA STAT 
PROFILE-1 manufactured by NOVA Biomedical Company. The 
instrument directly measures P02, PC02, pH, and hematocrit as 
well as electrolytes, including potassium sodium, calcium, and 
chloride. From the measured variables, several other variables 
are calculated, including hemaglobin saturation, oxygen content, 
and bicarbonate. The instrument is autocalibrating and provides 
outputs on a CRT and on hard copy. 

obtained with the instrument were compared to those using 
accepted "Gold Standard'' techniques. For this purpose, both 
human and canine blood were used. Human blood was obtained from 
patients in a dialysis unit, both before and after dialysis, from 
patients in the Intensive Care Unit (ICU) or Coronary Care Unit 
(CCU) of Fort Worth Osteopathic Medical Center, from patients in 
the ambulatory clinic of Texas College of Osteopathic Medicine 
and from normal volunteers. Canine blood was obtained during 
various cardiovascular and pulmonary perturbations designed to 
impede tissue perfusion or pulmonary gas exchange. Values for 
data variables obtained with THE NOVA STAT PROFILE-1 agreed well 
with those obtained using standard techniques; this agreement was 
applicable to blood gas variables, hematocrit, and electrolytes. 
The NOVA proved to be much more simple to use and calibrate than 
other techniques, provided rapid outputs, and exhibited a largely 
maintenance-free performance. 

It is concluded that ion-selective technology, such as 
employed by the NOVA STAT PROFILE-1, satisfies the requirement 
for body fluid electrolyte sensors. It is also proposed that the 
NOVA instrument serves as a suitable prototype instrument for 
measurement of certain chemical data variables. It is felt that 

The NOVA STAT PROFILE-1 was evaluated in-depth. Results 
0 

certain repackaging of the instrument can be made to better 
accommodate it in the Health Maintenance Facility. 0 
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I, INTRODUCTION 

The purpose of this document is to present in final form 
the work conducted under contract number N A S  9-17594. The 
overall thrust of this work was to (a) review and identify those 
chemical data variables which should be useful in diagnosis and 
evaluation of impaired tissue perfusion, (b) identify the sensors 
which will be required for measurement of these chemical data 
variables, where applicable, using ion selective technology (c) 
survey existing technology in order to ascertain whether the 
required sensors are currently available, and (d) formulate a 
plan for design and evaluation of the sensors. Since an 
instrument was identified which met the proposed requirements, 
extensive studies were performed to compare the performance of 
the prototype instrument with currently accepted, standard 
techniques for measurement of the defined data variables. 

prototype instrument in detail. Using human blood obtained under 
a variety of conditions, blood gases, hematocrit, and blood 
electrolytes were determined with the prototype instrument and 
with appropriate standard techniques. Analysis of the results of 
nearly 100 samples indicated a high correlation between values of 
data variables obtained with the two techniques. In addition, 
canine blood obtained under a variety of experimental conditions 
was used to assess the performance of the prototype instrument 
and to ascertain that data variables changed in the manner 
predicted during specific pathophysiological disturbances of 
cardiovascular or pulmonary function. The results of these 
experiments also demonstrated that the prototype instrument 
provided satisfactory and useful results. Finally, experiments 
were conducted in which multiple determinations on aliquots of 
the same blood sample were performed. These results showed a 
satisfactory level of agreement between multiple determinations. 

0 

The present report presents the evaluation results of the 

0 
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I I BACKGROUND 

A- Review of Required Data Variables. 

Low c a r d i a c  o u t p u t  w i t h  a r e s u l t i n g  r e d u c t i o n  i n  t i s s u e  
p e r f u s i o n  may l e a d  t o  t h e  g e n e r a l i z e d  p a t h o l o g i c a l  c o n d i t i o n  
known a s  c i r c u l a t o r y  shock  and may r e s u l t  from any  o n e  o f  s e v e r a l  
causes (1,2,3). Thus,  a n y  f a c t o r  t h a t  d e c r e a s e s  t h e  a b i l i t y  o f  
t h e  h e a r t  t o  pump b l o o d  i n t o  t h e  c i r c u l a t o r y  s y s t e m  w i l l  l e a d  t o  
low t i s s u e  p e r f u s i o n .  Such f a c t o r s  i n c l u d e  c o r o n a r y  a r t e r y  
d i s e a s e ,  c a r d i a c  v a l v u l a r  d i s o r d e r s ,  c a r d i a c  i n f e c t i o n s ,  c a r d i a c  
t o x i n s ,  and c a r d i a c  e l e c t r o p h y s i o l o g i c a l  impa i rmen t s .  However, 
even  i f  t h e  a b i l i t y  of t h e  h e a r t  t o  pump b lood  is  normal ,  low 
ca rd iac  o u t p u t  and a r e d u c e d  t i s s u e  p e r f u s i o n  may be c a u s e d  by 
f a c t o r s  which r e d u c e  venous  r e t u r n  and c a r d i a c  f i l l i n g .  These  
f a c t o r s  i n c l u d e  a r e d u c e d  b l o o d  volume ( e , g . ,  e x t e n s i v e  
hemorrhage ,  l o s s  o f  body f l u i d s  t h r o u g h  e x t e n s i v e  b u r n s ,  l o s s  of  
body f l u i d s  by  e x c e s s i v e  v o m i t i n g  o r  d i a r r h e a ,  r e d u c t i o n  i n  
b o d i l y  f l u i d  volume t h r o u g h  e x c e s s i v e  d i u r e s i s ,  o r  d e h y d r a t i o n  
t h r o u g h  r e d u c e d  f l u i d  i n t a k e )  . A r e d u c t i o n  i n  venous  r e t u r n  and 
c a r d i a c  f i l l i n g  may a l s o  r e s u l t  from f a c t o r s  which i n c r e a s e  
v a s c u l a r  c a p a c i t a n c e  ( i . e . ,  i n c r e a s e  i n  v a s c u l a r  s i z e  t h r o u g h  
e x c e s s i v e  v a s o d i l a t i o n ) .  An i n c r e a s e  i n  v a s c u l a r  c a p a c i t a n c e  may 
r e s u l t  f rom a loss o f  v a s c u l a r  n e r v o u s  t o n e  s u c h  a s  i n  s p i n a l  
i n j u r y ,  t r a u m a ,  o r  v a s o d i l a t o r  a g e n t s  s u c h  a s  d r u g s  o r  endogenous  
t o x i n s .  F i n a l l y ,  i n a d e q u a t e  venous  r e t u r n  and c a r d i a c  f i l l i n g  
may r e s u l t  f rom a n  i n c r e a s e d  r e s i s t a n c e  t o  b lood  f l o w  t h r o u g h  t h e  
p e r i p h e r a l  c i r c u l a t i o n .  I n c r e a s e d  r e s i s t a n c e  may be c a u s e d  by a n  
i n c r e a s e d  v a s o c o n s t r i c t i o n ,  i n c r e a s e d  b l o o d  v i s c o s i t y  ( s u c h  a s  
o c c u r s  w i t h  i n c r e a s e d  h e m a t o c r i t )  , o r  i n t r a v a s c u l a r  b l o o d  
c o a g u l a t i o n  ( d i s s e m i n a t e d  i n t r a v a s c u l a r  c o a g u l a t i o n  o r  D I C )  . 

I n  t h e  w e l l - e q u i p p e d  h o s p i t a l  s e t t i n g ,  low c a r d i a c  o u t p u t  
may be e v a l u a t e d  by u s e  o f  a g r e a t  v a r i e t y  o f  s o p h i s t i c a t e d  
i n v a s i v e  t e c h n i q u e s .  These  i n c l u d e  measurement  o f  c a r d i a c  o u t p u t  
i t s e l f  a l o n g  w i t h  s u c h  f a c t o r s  a s  pulmonary wedge p r e s s u r e  and 
c e n t r a l  venous  p r e s s u r e .  However, i t  is a l s o  h i g h l y  f e a s i b l e  
t h a t  l o w  cardiac o u t p u t  and l o w  t i s s u e  p e r f u s i o n  may be assessed 
by  e v a l u a t i o n  o f  c h e m i c a l  d a t a  v a r i a b l e s  i n  body f l u i d s .  The 
a s s e s s m e n t  of l o w  t i s s u e  p e r f u s i o n  b y  e v a l u a t i o n  of chemica l  d a t a  
v a r i a b l e s  i s  p r i m a r i l y  b a s e d  on t h e  f a c t  t h a t  many c e l l u l a r  
f u n c t i o n s  t h r o u g h o u t  t h e  body t i s s u e s  are a c t i v e ,  oxygen- 
r e q u i r i n g  processes and t h a t  oxygen is t h e  most  n e a r l y  f low-  
l i m i t e d  n u t r i e n t  t r a n s p o r t e d  t o  t h e  p e r i p h e r a l  t i s s u e s  by  t i s s u e  
b lood  f low.  For t h i s  r e a s o n ,  a n y  r e d u c t i o n  i n  b l o o d  f l o w ,  
r e g a r d l e s s  of i t s  e t i o l o g y ,  w i l l  l e a d  t o  an  impai rment  i n  many 
c e l l u l a r  processes. I n  many cases, t h i s  impa i rmen t  i n  c e l l u l a r  
f u n c t i o n  w i l l  be r a p i d l y  reflected by  c h a n g e s  i n  t h e  c h e m i c a l  
c o m p o s i t i o n  o f  t h e  venous  d r a i n a g e .  Whi l e  c h a n g e s  i n  t h e  
c h e m i c a l  c o m p o s i t i o n  of v e n o u s  b l o o d  u s u a l l y  w i l l  p r o v i d e  t h e  
most r e a d i l y  accessible measure o f  i n a d e q u a t e  t i s s u e  p e r f u s i o n ,  
t h e  c h a n g e s  i n  b lood  c o m p o s i t i o n  may a l s o  be r e f l e c t e d  b y  c h a n g e s  
i n  t h e  c h e m i c a l  c o m p o s i t i o n  o f  o t h e r  body f l u i d s ,  

0 
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A r e v i e w  o f  c e r t a i n  s p e c i f i c  c h a n g e s  i n  body f l u i d  
c o m p o s i t i o n  known t o  o c c u r  a s  a r e s u l t  o f  low t i s s u e  p e r f u s i o n  i s  
p r e s e n t e d  below: 

(1) Changes i n  t h e  p a r t i a l  p r e s s u r e  and c o n c e n t r a t i o n  o f  oxygen  
i n  venous  b l o o d  w i l l  a lmost  a l w a y s  occur ( 1 , 2 , 4 ) .  A r t e r i a l  
oxygen p a r t i a l  p r e s s u r e  (P02)  is n o r m a l l y  a b o u t  100  mmHg; t h e  
a r t e r i a l  c o n c e n t r a t i o n  of oxygen is  n o r m a l l y  a b o u t  20 volumes  
p e r c e n t .  A s  b l o o d  passes  t h r o u g h  t h e  p e r i p h e r a l  t i ssues ,  oxygen 
i s  e x t r a c t e d ,  and w i t h  a normal  oxygen c o n c e n t r a t i o n  i n  a r t e r i a l  
b l o o d  and a normal  r e s t i n g  r a t e  o f  oxygen u t i l i z a t i o n  by  
p e r i p h e r a l  t i s s u e s ,  t h e  a v e r a g e  p e r c e n t  oxygen e x t r a c t i o n  by  
p e r i p h e r a l  t i s s u e s  i s  a b o u t  25%. Thus,  normal  m i x e d  venous  b l o o d  
w i l l  have  a PO2 o f  a b o u t  4 0  mmHg and an  oxygen c o n c e n t r a t i o n  o f  
a b o u t  1 5  volumes  p e r c e n t .  I f  f o r  any  r e a s o n  b lood  f l o w  t o  t h e  
t i s s u e s  is  r e d u c e d ,  t h e  p e r i p h e r a l  t i s s u e s  w i l l  a t t e m p t  t o  
s a t i s f y  t h e i r  oxygen r e q u i r e m e n t  b y  a n  i n c r e a s e  i n  oxygen 
e x t r a c t i o n  from e a c h  u n i t  o f  b l o o d  p e r f u s i n g  t h e  t i s s u e .  
C o n s e q u e n t l y ,  t h e  PO2 and oxygen c o n c e n t r a t i o n  o f  venous  b l o o d  
d r a i n i n g  t h e  t issues  w i l l  e x h i b i t  a r e d u c t i o n .  I t  s h o u l d  be 
n o t e d  t h a t  i n  many c a s e s  of low c a r d i a c  o u t p u t  and low t i s s u e  
p e r f u s i o n ,  pu lmonary  g a s  exchange  is n o t  a f f e c t e d  s u c h  t h a t  
a r t e r i a l  PO2 and oxygen c o n c e n t r a t i o n  remain  normal  ( 5 ) .  I n  
t h e s e  c a s e s ,  t h e  r e d u c t i o n  i n  venous  oxygen re f lec ts  e i t h e r  a n  
i n c r e a s e d  oxygen u t i l i z a t i o n  by  t h e  t i s s u e s  o r  a r educed  t i s s u e  
p e r f u s i o n .  A r educed  venous  oxygen c o n c e n t r a t i o n  o r  PO2 a t  rest  
g e n e r a l l y  impl ies  a r e d u c e d  t i s s u e  p e r f u s i o n .  

Assessment  o r  a r t e r i a l  PO2 or  oxygen c o n c e n t r a t i o n  is  a 
somewhat more i n v a s i v e  t e c h n i q u e  and is  more o f t e n  used t o  assess 
t h e  adequacy  of  pulmonary  gas  exchange .  Thus,  a r t e r i a l  PO2 and 
oxygen c o n c e n t r a t i o n  a r e  c h a r a c t e r i s t i c a l l y  r e d u c e d  w i t h  l o w  
c o n c e n t r a t i o n s  o f  oxygen i n  i n s p i r e d  a i r ,  i n  c h r o n i c  o b s t r u c t i v e  
pulmonary  d i s e a s e ,  i n  emphysema or  s i m i l a r  d i s e a s e s  o f  t h e  
pulmonary  membrane, and d u r i n g  r educed  v e n t i l a t i o n  ra tes  f o r  a n y  
r e a s o n .  N a t u r a l l y ,  r e d u c t i o n s  i n  a r t e r i a l  PO2 o r  oxygen 
c o n c e n t r a t i o n  w i l l  a l s o  l e a d  t o  r e d u c t i o n s  i n  venous  v a l u e s .  I n  
t h i s  regard ,  i t  may be n o t e d  t h a t  many c h a n g e s  i n  venous  blood 
c h e m i c a l  c o m p o s i t i o n  b r o u g h t  a b o u t  by  impa i rmen t s  i n  pulmonary  
g a s  e x c h a n g e  may be v e r y  s i m i l a r  t o  c h a n g e s  i n  venous  c o m p o s i t i o n  
r e s u l t i n g  from low t i s s u e  p e r f u s i o n .  

0 

0 

( 2 )  Blood v a l u e s  f o r  t h e  p a r t i a l  p r e s s u r e  o f  c a r b o n  d i o x i d e  
(PC02) and c a r b o n  d i o x i d e  c o n c e n t r a t i o n  w i l l  a l s o  change  w i t h  low 
t i s s u e  p e r f u s i o n  ( 4 ) .  Normal a r t e r i a l  PC02 is  a p p r o x i m a t e l y  40 
mmHg and c a r b o n  d i o x i d e  c o n c e n t r a t i o n  i s  a p p r o x i m a t e l y  4 8  volumes  
p e r c e n t .  A s  blood moves t h r o u g h  t h e  p e r i p h e r a l  t i s s u e s  c a r b o n  
d i o x i d e  d i f f u s e s  from t h e  cel ls  i n t o  t h e  c a p i l l a r y  b lood  s u c h  
t h a t  venous  PC02 is  a p p r o x i m a t e l y  45 mmHg and c a r b o n  d i o x i d e  
c o n c e n t r a t i o n  i n  venous  b l o o d  is a b o u t  52 volumes p e r c e n t .  I f  
t i s s u e  p e r f u s i o n  is r e d u c e d ,  i n c r e a s e d  amounts  o f  c a r b o n  d i o x i d e  
d i f f u s e  i n t o  e a c h  volume o f  blood p a s s i n g  t h r o u g h  t h e  t i s s u e  s u c h  
t h a t  venous  c a r b o n  d i o x i d e  v a l u e s  show a s u b s t a n t i a l  i n c r e a s e .  

3 



As w i t h  t h e  c a s e  of oxygen ,  i t  s h o u l d  b e  r e c o g n i z e d  t h a t  
impa i rmen t s  o f  pu lmonary  gas  exchange  may a l s o  c a u s e  i n c r e a s e s  i n  
a r t e r i a l  PC02 which  w i l l  a l s o  be r e f l e c t e d  by i n c r e a s e s  i n  venous  
PCO2. 

( 3 )  Changes  i n  hydrogen  i o n  c o n c e n t r a t i o n  (pH) w i l l  a l s o  o c c u r  
w i t h  l o w  t i s s u e  p e r f u s i o n  ( 4 , s ) .  These  c h a n g e s  i n  pH a re  d u e  
p r i m a r i l y  t o  t h e  r e d u c e d  d e l i v e r y  o f  oxygen t o  t h e  t i s s u e s .  
Thus,  when oxygen d e l i v e r y  t o  t i s s u e s  i s  r e d u c e d ,  t h e  t i s s u e s  
r e l y  more h e a v i l y  on  a n a e r o b i c  m e t a b o l i s m  t o  m e e t  t h e i r  e n e r g y  
needs .  A p r o d u c t  o f  a n a e r o b i c  m e t a b o l i s m  is  l a c t i c  a c i d ,  and a s  
l a c t i c  p r o d u c t i o n  by  t i s s u e s  is  i n c r e a s e d ,  t h e  p H  o f  t i s s u e s  and 
body f l u i d s  b e g i n s  t o  f a l l .  A l though  a r e d u c t i o n  i n  venous  b l o o d  
p H  i s  a known c o n s e q u e n c e  of low t i s s u e  p e r f u s i o n ,  i t  may a l s o  
r e s u l t  i f  oxygen d e l i v e r y  is  r e d u c e d  b e c a u s e  o f  i m p a i r e d  
pulmonary g a s  exchange .  

( 4 )  As n o t e d  a b o v e ,  low t i s s u e  p e r f u s i o n  w i l l  r e s u l t  i n  a n  
i n c r e a s e d  l a c t i c  acid c o n c e n t r a t i o n  i n  b l o o d  (6,7). Most t i s s u e s  
of t h e  body p r o d u c e  low l e v e l s  o f  l a c t i c  a c i d  even  w i t h  a d e q u a t e  
t i s s u e  n u t r i t i o n .  Some t i s s u e s  s u c h  a s  myocardium ex t rac t  
l a c t a t e  from b l o o d  a t  normal  l e v e l s  o f  m y o c a r d i a l  o x y g e n a t i o n .  
However, a l l  t i s s u e s ,  i n c l u d i n g  myocardium, e x h i b i t  a n  i n c r e a s e d  
l a c t i c  a c i d  p r o d u c t i o n  d u r i n g  s t a t e s  o f  low o x y g e n a t i o n ,  s u c h  a s  
o c c u r  w i t h  l o w  t i s s u e  p e r f u s i o n .  I n t e r e s t i n g l y ,  t h e  i n c r e a s e  i n  
l a c t a t e  p r o d u c t i o n  w i t h  r e d u c e d  o x y g e n a t i o n  o f  t h e  t issues is  d u e  
n o t  o n l y  t o  a s h i f t  from aerobic t o  a n a e r o b i c  metabolism b y  t h e  
t i s s u e s ,  b u t  a l s o  t o  t h e  f a c t  t h a t  hypox ia  r e s u l t s  i n  a n  i n c r e a s e  
i n  g l u c o s e  t r a n s p o r t  a c ross  t h e  cel l  membrane ( 8 ) .  G l u c o s e  is  
t h e  s u b s t r a t e  f o r  a n a e r o b i c  g l y c o l y s i s ,  and t h i s  i n c r e a s e  i n  t h e  
p r o v i s i o n  of g l y c o l y t i c  s u b s t r a t e  a l o n g  w i t h  an  i n c r e a s e  of 
a c t i v i t y  of g l y c o l y t i c  pa thways  r e s u l t s  i n  an e v e n  g r e a t e r  
p r o d u c t i o n  o f  l a c t i c  a c i d .  I n  a d d i t i o n  t o  t h e  i n c r e a s e  i n  
s u b s t r a t e  p r o v i s i o n  b y  a n  i n c r e a s e  i n  g l u c o s e  t r a n s p o r t  ac ross  
t h e  c e l l  membrane, h y p o x i a  a l s o  r e s u l t s  i n  an i n c r e a s e d  r a t e  of  
g l y c o g e n o l y s i s  i n  most t i s s u e s  ( 8 ) .  T h i s  i n c r e a s e d  r a t e  o f  
g l y c o g e n  breakdown also p r o v i d e s  a greater q u a n t i t y  of  g l u c o s e  
f o r  g l y c o l y t i c  pa thways .  O b v i o u s l y ,  t h e s e  e v e n t s  l e a d  n o t  o n l y  
t o  an  i n c r e a s e d  l a c t i c  ac id  p r o d u c t i o n ,  b u t  also t o  a s u b s t a n t i a l  
r e d u c t i o n  i n  p H .  

(5) Most c o n d i t i o n s  l e a d i n g  t o  a r e d u c t i o n  i n  ca rd iac  o u t p u t  
and a g e n e r a l  r e d u c t i o n  i n  t i s s u e  p e r f u s i o n  a r e  a s s o c i a t e d  w i t h  
i n c r e a s e d  s y m p a t h e t i c  n e u r a l  s t i m u l a t i o n  ( 1 , 2 , 3 ) .  T h i s  i n c r e a s e  
i n  s y m p a t h e t i c  s t i m u l a t i o n  c a u s e s  many m e a s u r a b l e  hemodynamic 
c h a n g e s ,  e g g .  i n c r e a s e d  h e a r t  r a t e ,  b u t  a l s o  may l e a d  t o  c h a n g e s  
i n  t h e  c h e m i c a l  c o m p o s i t i o n  o f  blood. For example ,  s y m p a t h e t i c  
s t i m u l a t i o n  promotes g l y c o g e n o l y s i s ,  e s p e c i a l l y  i n  l i v e r  and 
s k e l e t a l  musc le .  The i n c r e a s e d  g l y c o g e n o l y s i s  i n  l i v e r  causes a 
"dumping" o f  g l u c o s e  i n t o  t h e  c i r c u l a t i n g  b l o o d .  For t h i s  
r e a s o n ,  g e n e r a l i z e d  l o w  o x y g e n a t i o n ,  s u c h  as  o c c u r s  w i t h  a l o w  
c a r d i a c  o u t p u t ,  c a u s e s  a n  e a r l y  i n c r e a s e  i n  b lood  g l u c o s e  l e v e l  
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( 9 )  

(6) Low t i s s u e  p e r f u s i o n  may a l s o  l e a d  t o  c h a n g e s  i n  b l o o d  
e l e c t r o l y t e  c o n c e n t r a t i o n s .  I n  normal  p h y s i o l o g i c a l  c o n d i t i o n s ,  
s u b s t a n t i a l  c o n c e n t r a t i o n  g r a d i e n t s  o f  c e r t a i n  i o n s  are  
m a i n t a i n e d  across t h e  c e l l u l a r  membrane. These  i o n  g r a d i e n t s  a re  
n e c e s s a r y  f o r  t h e  normal  e x c i t a b i l i t y  o f  c e l l  membranes. Thus ,  
s o d i u m  i s  a c t i v e l y  "pumped" from t h e  i n t r a c e l l u l a r  f l u i d s  t o  t h e  
e x t r a c e l l u l a r  f l u i d s  s u c h  t h a t  s o d i u m  c o n c e n t r a t i o n  i n  
e x t r a c e l l u l a r  f l u i d s  i s  much h i g h e r  t h a n  t h a t  w i t h i n  t h e  ce l l .  
L i k e w i s e ,  p o t a s s i u m  i o n  is  a c t i v e l y  pumped from t h e  e x t r a c e l l u l a r  
f l u i d  i n t o  t h e  i n t r a c e l l u l a r  compar tmen t ,  and p o t a s s i u m  
c o n c e n t r a t i o n  w i t h i n  t h e  ce l l  is  m a i n t a i n e d  a t  a much g r e a t e r  
l e v e l  t h a n  t h a t  i n  t h e  e x t r a c e l l u l a r  f l u i d .  These  c o n c e n t r a t i o n  
g r a d i e n t s  f o r  sodium and p o t a s s i u m  are p r e s e n t  i n  most t i s s u e s  
b u t  are e s p e c i a l l y  p r e v a l e n t  i n  exc i t ab le  t i s s u e s  s u c h  a s  n e r v e  
and musc le .  C a l c i u m  i o n  a l s o  e x h i b i t s  a g r a d i e n t  a c r o s s  t h e  ce l l  
membrane, and t h i s  g r a d i e n t  is  d u e  t o  a n  a c t i v e  membrane pump. 
Thus ,  c a l c i u m  c o n c e n t r a t i o n  i n  t h e  e x t r a c e l l u l a r  f l u i d s  i s  
m a i n t a i n e d  somewhat h i g h e r  t h a n  w i t h i n  t h e  cel l .  C e r t a i n  i o n s  
s u c h  a s  c h l o r i d e  passes r e a d i l y  t h r o u g h  t h e  ce l l  membrane and is 
p a s s i v e l y  d i s t r i b u t e d  a c c o r d i n g  t o  t h e  e l ec t r i ca l  g r a d i e n t  
e x i s t i n g  across  t h e  membrane. C h l o r i d e  d i s t r i b u t i o n  across t h e  
membrane is  n o t  t h e  r e s u l t  o f  a n  a c t i v e  membrane pump. T h e  
a c t i v e  membrane mechanisms f o r  m a i n t a i n i n g  i o n  g r a d i e n t s  a re  
oxygen r e q u i r i n g .  As a r e s u l t ,  when t i s s u e  o x y g e n a t i o n  i s  
i m p a i r e d ,  t h e  membrane pumps b e g i n  t o  f a i l ,  and t h e  i o n  g r a d i e n t s  
across  t h e  membrane b e g i n  t o  d i m i n i s h .  For example ,  d u r i n g  poor 
t i s s u e  o x y g e n a t i o n ,  t h e  i n t r a c e l l u l a r  l e v e l  of sodium i o n  would 
b e g i n  t o  i n c r e a s e  as  e x t r a c e l l u l a r  sodium moves w i t h i n  t h e  ce l l .  
L i k e w i s e ,  t h e  e x t r a c e l l u l a r  l e v e l  of  p o t a s s i u m  b e g i n s  t o  
i n c r e a s e  a s  t h e  h i g h  c o n c e n t r a t i o n  o f  p o t a s s i u m  w i t h i n  t h e  c e l l  
c a u s e s  a d i f f u s i o n  o f  p o t a s s i u m  t o  t h e  e x t r a c e l l u l a r  f l u i d s  and 
t h e  membrane pump is u n a b l e  t o  a d e q u a t e l y  t r a n s p o r t  t h i s  
p o t a s s i u m  back t o  t h e  i n t r a c e l l u l a r  compar tment .  S i n c e  t h e  
e x t r a c e l l u l a r  l e v e l  of p o t a s s i u m  is  n o r m a l l y  v e r y  low w h i l e  t h e  
i n t r a c e l l u l a r  p o t a s s i u m  l e v e l  i s  r e l a t i v e l y  h i g h ,  i n a d e q u a t e  
t i s s u e  o x y g e n a t i o n  w i t h  a n  impa i rmen t  of t h e  membrane pump 
r a p i d l y  l e a d s  t o  a de t ec t ab le  i n c r e a s e  i n  e x t r a c e l l u l a r  p o t a s s i u m  
l e v e l  ( 1 0 ) .  For t h i s  r e a s o n ,  i t  is  f e l t  t h a t  a s s e s s m e n t  of  
e x t r a c e l l u l a r  p o t a s s i u m  c o n c e n t r a t i o n  may be of p a r t i c u l a r  
i m p o r t a n c e  i n  e v a l u a t i n g  low t i s s u e  p e r f u s i o n .  

( 7 )  Measurement of t h e  h e m a t o c r i t  i n  blood may a l s o  be o f  v a l u e  
i n  a s s e s s i n g  low t i s s u e  p e r f u s i o n .  V a l u e s  for h e m a t o c r i t ,  o r  
a c t u a l  hemoglobin  c o n c e n t r a t i o n ,  would be e x t r e m e l y  u s e f u l  i n  
d e r i v i n g  a c t u a l  b lood  c o n c e n t r a t i o n s  of oxygen and from measured  
v a l u e s  o f  P02. I n  a d d i t i o n ,  v a l u e s  f o r  h e m a t o c r i t  g i v e  a n  e a s i l y  
accessible i n s i g h t  i n t o  c h a n g e s  i n  b l o o d  f l u i d  volume. T h i s  i s  
e s p e c i a l l y  i m p o r t a n t  s i n c e  c h a n g e s  i n  f l u i d  volume may o c c u r  
r a p i d l y  d u r i n g  r e d u c t i o n s  i n  card iac  o u t p u t  w i t h  a ssoc ia ted  
r e d u c t i o n  i n  a r t e r i a l  p r e s s u r e .  I n  a normal  a d u l t ,  p lasma volume 



is  a p p r o x i m a t e l y  3 l i t e r s ,  w h i l e  i n t e r s t i t i a l  volume is 
a p p r o x i m a t e l y  1 2  l i t e r s .  S i n c e  water passes e a s i l y  t h r o u g h  t h e  
c a p i l l a r y  membrane, t h e  b a l a n c e  be tween p lasma and i n t e r s t i t i a l  
f l u i d  volumes  is  t h e  r e s u l t  o f  a b a l a n c e  be tween c e r t a i n  forces 
a c t i n g  t o  move water a c r o s s  t h e  c a p i l l a r y  membrane. One o f  t h e s e  
f o r c e s  is  t h e  c a p i l l a r y  f i l t r a t i o n  p r e s s u r e .  With r e d u c t i o n s  i n  
a r t e r i a l  p r e s s u r e  a s s o c i a t e d  w i t h  low ca rd iac  o u t p u t ,  c a p i l l a r y  
p r e s s u r e  is s i m i l a r l y  r e d u c e d ,  and a s  a r e s u l t ,  t h e  f o r c e s  a c t i n g  
on  t h e  c a p i l l a r y  membrane s h i f t  f rom a s l i g h t  f i l t r a t i o n  f o r c e  t o  
a n  a b s o r p t i o n  force t e n d i n g  t o  move water from t h e  i n t e r s t i t i a l  
f l u i d  i n t o  t h e  v a s c u l a r  compar tment  (11). Consequen t  t o  t h i s  
a b s o r p t i o n  o f  water from t h e  i n t e r s t i t i a l  spaces,  a h e m o d i l u t i o n  
o c c u r s .  I t  is  w e l l  e s t a b l i s h e d  t h a t  d u r i n g  c o n d i t i o n s  o f  
c i r c u l a t o r y  s h o c k ,  a n  e a r l y  r e d u c t i o n  i n  h e m a t o c r i t  c a n  be s e e n  
a s  a r e s u l t  of t h i s  h e m o d i l u t i o n  ( 1 2 ) .  I n t e r e s t i n g l y ,  i n  l a t e  
s t a g e s  o f  p r o g r e s s i v e  s h o c k ,  a s  v a s c u l a r  d e t e r i o r a t i o n  b e g i n s  t o  
o c c u r ,  f l u i d  is o n c e  a g a i n  f i l t e r e d  i n  e x c e s s i v e  q u a n t i t i e s  f rom 
t h e  v a s c u l a r  compar tment  i n t o  t h e  i n t e r s t i t i a l  f l u i d s .  A s  a 
r e s u l t  o f  t h i s  v a s c u l a r  d e t e r i o r a t i o n ,  t h e  e a r l y  h e m o d i l u t i o n  
g i v e s  way t o  a s u b s t a n t i a l  h e m o c o n c e n t r a t i o n .  

I n  t h e  p r e s e n t  work,  p a r t i c u l a r  e m p h a s i s  w a s  p l a c e d  on 
r e v i e w  of a v a i l a b l e  s e n s o r s  f o r  measurement  o f  t h e  v a r i a b l e s  
o u t l i n e d  above .  I t  was f e l t  t h a t  s i n c e  a m u l t i t u d e  o f  w o r k s  b y  a 
g r e a t  many i n v e s t i g a t o r s  have  e s t a b l i s h e d  t h a t  t h e s e  d a t a  
v a r i a b l e s  c h a n g e  i n  a p r e d i c t a b l e  manner d u r i n g  low t i s s u e  
p e r f u s i o n ,  an  e f f o r t  t o  i d e n t i f y  s e n s o r s  f o r  t h e  d e t e c t i o n  of  
t h e s e  d a t a  v a r i a b l e s  w i l l  show t h e  g r e a t e s t  p r o m i s e  o f  s u c c e s s  
i n  a t t e m p t i n g  t o  e v a l u a t e  low t i s s u e  p e r f u s i o n  b y  c h e m i c a l  

0 

0 t e c h n i q u e s .  

B. Review of Required Sensors and Available Technology. 

T h i s  s e c t i o n  w i l l  p lace p r i m a r y  e m p h a s i s  on t h e  r e v i e w  of  
t h e  a v a i l a b l e  s e n s o r s  and t e c h n o l o g y  f o r  e v a l u a t i o n  of t h o s e  d a t a  
v a r i a b l e s  o u t l i n e d  i n  t h e  p r e v i o u s  s e c t i o n .  The a v a i l a b l e  
s e n s o r s  f o r  many o f  t h e s e  d a t a  v a r i a b l e s  h a v e  b e e n  i n  u s e  f o r  
g rea t  pe r iods  of t i m e ,  and t h e y ,  t h e r e f o r e ,  h a v e  a proven  and 
a c c e p t e d  l e v e l  o f  pe r fo rmance .  Recen t  a d v a n c e s  i n  t h e s e  s p e c i f i c  
s e n s o r s  more i n v o l v e  improvements  or a l t e r a t i o n s  i n  t h e  
a s s o c i a t e d  i n s t r u m e n t a t i o n  accompanying t h e  s e n s o r  i n  o r d e r  t o  
f a c i l i t a t e  i t s  a p p l i c a b i l i t y .  A c o n c i s e  r e v i e w  o f  t h e  f i e l d  is  
a s  f o l l o w s :  

(1) P a r t i a l  Pressures o f  Blood Gases .  R e l i a b l e  s e n s o r s  f o r  
d e t e r m i n a t i o n  of PO2 and PC02 h a v e  e x i s t e d  f o r  a number of y e a r s ,  - 

and i n s t r u m e n t a t i o n  i n c o r p o r a t i n g  t h e s e  s e n s o r s  are s t a n d a r d  
e q u i p m e n t  i n  t h e  c l i n i c a l  l a b o r a t o r y .  S e n s o r s  f o r  d e t e r m i n a t i o n  
O f  PO2 most commonly m a k e  u s e  o f  t h e  C l a r k  e l e c t r o d e  which 
c o n t a i n s  a t h i n  p o l y p r o p y l e n e  membrane permeable t o  oxygen.  
A f t e r  p e r m e a t i n g  t h e  membrane, oxygen reacts w i t h  a p l a t i n u m  
c a t h o d e  a t  t h e  e l e c t r o d e  t i p  g e n e r a t i n g  a c u r r e n t  which i s  
d e t e c t e d  by appropr i a t e  c i r c u i t r y .  D e t e r m i n a t i o n  o f  PC02 is  
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n o r m a l l y  by a s i m i l a r  method.  A f t e r  p e r m e a t i n g  an  a p p r o p r i a t e  
t h i n  t e f l o n  membrane, C02 reacts w i t h  p H - s e n s i t i v e  g l a s s  a t  t h e  
e l e c t r o d e  t i p  and i t s  i n n e r  s i l v e r / s i l v e r  c h l o r i d e  e l e c t r o d e ,  
t h u s  g e n e r a t i n g  a n  e l ec t r i ca l  p o t e n t i a l .  Most common i n s t r u m e n t s  
f o r  d e t e r m i n a t i o n  of  b l o o d  g a s  p a r t i a l  pressures c o n t a i n  b o t h  
PC02 and PO2 electrodes a s  w e l l  a s  a p H  e l e c t r o d e .  A sample of 
b lood  is  i n j e c t e d  i n t o  t h e  i n s t r u m e n t  where i t  comes i n  c o n t a c t  
w i t h  t h e  3 e l e c t r o d e s .  The o u t p u t s  o f  s u c h  a n  i n s t r u m e n t  a r e  
u s u a l l y  d i s p l a y e d  on a n  LED meter. The most  p o p u l a r  s t a t e - o f -  
t h e - a r t  i n s t r u m e n t s  f o r  measurement  o f  b l o o d  g a s  p a r t i a l  
p r e s s u r e s  and p H  a r e  m a n u f a c t u r e d  by t h e  f o l l o w i n g  compan ies :  

0 

C o r n i n g  I n s t r u m e n t  Company 
M e d f i e l d ,  MA 

I n s t r u m e n t a t i o n  L a b o r a t o r y ,  I n c .  
Lex i n g  t o n ,  MA 

Rad iometer I n  st r umen t Company 
D a l l a s ,  TX 

C e r t a i n  m a n u f a c t u r e r s  a l s o  make  PO2 e l e c t r o d e s  i n  f l o w  t h r o u g h  
ce l l s  o r  i n  c a t h e t e r  t i p  f a s h i o n  f o r  c o n t i n u o u s  m o n i t o r i n g  of PO2 
u s i n g  i n v a s i v e  t e c h n i q u e s .  Such companies  i n c l u d e  t h e  f o l l o w i n g :  

Hospex F ibe rop t i c s  
C h e s t n u t  H i l l ,  MA 

Cou lbourne  I n s t r u m e n t  Company 
Lehigh  V a l l e y ,  P A  

( 2 )  Blood Oxygen C o n c e n t r a t i o n .  S i n c e  t h e  a c t u a l  c o n c e n t r a t i o n  
o f  oxygen i n  b l o o d  v a r i e s  w i t h  t h e  hemoglobin c o n c e n t r a t i o n ,  t h e  
oxygen c o n c e n t r a t i o n  c a n n o t  be d e r i v e d  from t h e  PO2 a l o n e .  
However, s t a t e - o f - t h e - a r t  i n s t r u m e n t s  are  c u r r e n t l y  a v a i l a b l e  f o r  
d i r e c t  q u a n t i t a t i o n  o f  b l o o d  oxygen c o n c e n t r a t i o n .  The most 
popular  is t h e  hemoximeter .  T h i s  i n s t r u m e n t  d i r e c t l y  q u a n t i t a t e s  
t h e  hemoglobin  c o n c e n t r a t i o n  w i t h i n  t h e  b l o o d  and t h e  p e r c e n t  
s a t u r a t i o n  of hemoglobin .  From these 2 v a l u e s ,  t h e  oxygen 
c o n c e n t r a t i o n  c a n  be c a l c u l a t e d  (when 1 0 0 %  s a t u r a t e d ,  t h e  b l o o d  
oxygen c o n c e n t r a t i o n  i n  m1/100ml o f  b lood  i s  e q u a l  t o  t h e  
hemoglobin c o n c e n t r a t i o n  x 1 .34 ml oxygen/gm hemoglobin)  The 
most c u r r e n t l y  used  hemoximeter  is  t h e  model OSM-2 m a n u f a c t u r e d  
by Radiometer  I n s t r u m e n t  Company. A l s o  a v a i l a b l e  is a Co-oximeter  
made by  I n s t r u m e n t a t i o n  L a b o r a t o r i e s  which m e a s u r e s  hemoglob in  
and s a t u r a t i o n  s p e c t r o p h o t o m e t r i c a l l y .  

Another  i n s t r u m e n t  f o r  d i r e c t  measurement  o f  b lood  oxygen 
c o n c e n t r a t i o n  is t h e  LEX-02-CON m a n u f a c t u r e d  by  Hospex, I n c .  
T h i s  i n s t r u m e n t  u t i l i z e s  a n  o x y g e n - s e n s i t i v e  c e l l  which 
e l e c t r i c a l l y  r e d u c e s  oxygen t o  h y d r o x y l  i o n s ,  g e n e r a t i n g  a 
m e a s u r a b l e  c u r r e n t .  T h i s  i n s t r u m e n t  i s  somewhat more d i f f i c u l t  
t o  opera te  t h a n  t h e  hemoximeter  o r  Co-oximeter  and i s  a l s o  a 
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somewhat more f r a g i l e  i n s t r u m e n t  t h a n  t h e  hemoximeter .  However, 
w e  have  used b o t h  i n s t r u m e n t s  i n  o u r  l a b o r a t o r i e s  and t h e y  
p r o v i d e  e q u i v a l e n t l y  r e l i a b l e  r e s u l t s .  

( 3 )  Blood pH. Elec t rodes  f o r  d e t e r m i n a t i o n  o f  pH a r e  r o u t i n e  
s e n s o r s  i n  common p H  meters a s  w e l l  a s  i n  many i n s t r u m e n t s  w h i c h  
d e t e r m i n e  b l o o d  g a s e s  a s  p o i n t e d  o u t  above.  I n  p H  e l e c t r o d e s ,  
hydrogen  i o n  reacts w i t h  meta l  i o n s  i n  t h e  p H - s e n s i t i v e  g l a s s  a t  
t h e  electrode t i p  g e n e r a t i n g  a n  e l ec t r i ca l  p o t e n t i a l  which is  
detected by assoc ia ted  c i r c u i t r y .  pH electrodes a r e  r o u t i n e  i n  
many c h e m i c a l  l a b o r a t o r i e s  and are  m a n u f a c t u r e d  by  a g rea t  
v a r i e t y  of compan ies .  Those used  i n  c o n j u n c t i o n  w i t h  b l o o d  g a s  
i n s t r u m e n t s  h a v e  b e e n  p o i n t e d  o u t  above.  

0 

( 4 )  Blood G l u c o s e  C o n c e n t r a t i o n .  P l a s m a  g l u c o s e  h a s  been  
r o u t i n e l y  measured  i n  c l i n i c a l  l a b o r a t o r i e s  u s i n g  e n z y m a t i c  
me thods  and spectrophotometr ic  d e t e r m i n a t i o n ,  T h i s  e n z y m a t i c  
method has  b e e n  mod i f i ed  by Beckman I n s t r u m e n t s ,  I n c . ,  t o  employ 
s e n s o r  t e c h n o l o g y .  I n  t h e  Beckman g l u c o s e  a n a l y z e r ,  plasma is  
reacted w i t h  a g l u c o s e  o x i d a s e - c a t a l a s e - e t h a n o l  s o l u t i o n .  The 
hydrogen  p e r o x i d e  g e n e r a t e d  by  t h e  o x i d a t i o n  o f  g l u c o s e  is  
decomposed by t h e  c a t a l a s e - e t h a n o l  m i x t u r e  t o  form water and 
a c e t a l d e h y d e .  The ra te  o f  oxygen consumpt ion  d u r i n g  t h e  
o x i d a t i o n  of g l u c o s e  is measured  p o l a r o g r a p h i c a l l y  by  a n  oxygen 
e l e c t r o d e  s imi l a r  t o  t h o s e  d e s c r i b e d  above .  The r a t e  of oxygen 
consumpt ion  is  p r o p o r t i o n a l  t o  t h e  g l u c o s e  c o n c e n t r a t i o n .  

I n s t r u m e n t  Company, I n c . ,  who have  u t i l i z e d  s e l e c t i v e l y  permeable 
membranes t o  a l low g l u c o s e  access t o  enzymes immobi l i zed  by  these 
membranes w i t h i n  a n  e l e c t r o d e  a s sembly .  I n  t h i s  " g l u c o s e  
e l e c t r o d e "  t h e  hydrogen  p e r o x i d e  produced  by o x i d a t i o n  of g l u c o s e  
i n  t h e  v i c i n i t y  o f  a p l a t i n u m  electrode is  measured 
a m p h o m e t r i c a l l y .  T h i s  i n s t r u m e n t  i s  a v a i l a b l e  from: Y e l l o w  
S p r i n g s  I n s t r u m e n t  Co., I n c , ;  Y e l l o w  S p r i n g s ,  Ohio  45387. 

T h i s  a p p r o a c h  h a s  b e e n  f u r t h e r  advanced  by Y e l l o w  S p r i n g s  e 
( 5 )  Blood Lac ta te  C o n c e n t r a t i o n .  The Y e l l o w  S p r i n g s  g l u c o s e  
a n a l y z e r  c a n  be r e a d i l y  modi f ied  t o  a n a l y z e  plasma l ac t a t e .  
These m o d i f i c a t i o n s  a r e  ( a )  s u b s t i t u t i o n - o f  t h e  l a c t a t e  s e n s i t i v e  
membrane i n  p l ace  of t h e  g l u c o s e  s e n s i t i v e  membrane, and (b)  
i n s t a l l a t i o n  o f  immobi l i zed  L - l a c t a t e  ox idase  membranes t o  
accomplish t h e  o x i d a t i o n  of l a c t a t e  i n  t h e  v i c i n i t y  of t h e  
p l a t i n u m  electrode. The l a c t a t e  a n a l y z e r  is a l s o  a v a i l a b l e  from 
Yellow S p r i n g s  I n s t r u m e n t  Company, I n c .  

(6) Blood C o n c e n t r a t i o n s  o f  I o n s  and E l e c t r o l y t e s .  E lec t rodes  
h a v e  been  d e v e l o p e d  f o r  t h e  p o t e n t i o m e t r i c  measurement  of  many 
i o n s ,  i n  a d d i t i o n  t o  t h e  hydrogen  i o n ,  b y  i n t r o d u c t i o n  of  ion -  
s e l e c t i v e  membranes t h a t  are s e n s i t i v e  o n l y  t o  c e r t a i n  i o n s .  
They o p e r a t e  i n  a f a s h i o n  s i m i l a r  t o  t h e  g l a s s  electrode i n  i t s  
measurement  of hydrogen  i o n  c o n c e n t r a t i o n .  Membranes u t i l i z e d  
f o r  i o n  s e n s i t i v i t y  i n c l u d e  s e l e c t i v e  g l a s s  membranes,  membranes 
c o n s i s t i n g  o f  a c r y s t a l ,  and immobi l i zed  p rec ip i t a t e  or a l i q u i d  
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l a y e r .  

p o t a s s i u m ,  sodium,  c a l c i u m ,  and c h l o r i d e  i o n s .  A sodium- 
s e n s i t i v e  g l a s s  h a s  been  d e v e l o p e d  t h a t  i s  i n s e n s i t i v e  t o  
hydrogen  i o n s  and shows a s e l e c t i v i t y  f o r  s o d i u m  o v e r  p o t a s s i u m  
of about  300 t o  1. An e l e c t r o p o t e n t i a l  is d e v e l o p e d  a s  t h e  
sodium i o n s  unde rgo  an  i o n  exchange  i n  t h e  h y d r a t e d  l a y e r  of  t h e  
g l a s s  membrane. A p o t a s s i u m  electrode i n c o r p o r a t i n g  a 
v a l i n o m y c i n  membrane shows a s e l e c t i v i t y  f o r  p o t a s s i u m  o v e r  
sodium of  a p p r o x i m a t e l y  1000 t o  1. T h i s  s e l e c t i v i t y  i s  d u e  t o  
t h e  i o n  exchange  c a v i t i e s  i n  t h e  v a l i n o m y c i n  which are a b o u t  
e q u a l  s i z e  t o  p o t a s s i u m  i o n s .  S imi l a r  a p p r o a c h e s  a l l o w  t h e  
s e l e c t i v e  d e t e r m i n a t i o n  o f  i o n i z e d  c a l c i u m  and c h l o r i d e .  

C l i n i c a l l y  u s e d  i o n - s e l e c t i v e  e l e c t r o d e s  i n c l u d e  t h o s e  f o r  

0 

( 7 )  Hematocrit.  The c e l l u l a r  p o r t i o n  of whole blood 
( h e m a t o c r i t )  is d e t e r m i n e d  r o u t i n e l y  i n  c l i n i c a l  l a b o r a t o r i e s  b y  
c e n t r i f i c a t i o n .  R e c e n t l y  a new, compact a p p r o a c h  u s i n g  s e n s o r -  
t e c h n o l o g y  h a s  been  d e v e l o p e d  by  Nova Biomedica l .  T h i s  a p p r o a c h  
u s e s  t h e  p r i n c i p l e  t h a t  e lec t r ica l  impedance o f  b lood  is 
i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  number o f  red blood cel ls .  Thus,  
b y  d e t e r m i n i n g  t h e  impedance be tween 2 electrodes i n  a c e l l ,  t h e  
h e m a t o c r i t  c a n  be d e t e r m i n e d .  T h i s  t e c h n o l o g y  is  a v a i l a b l e  from 
Nova Biomedica l ,  Waltham, MA. 

C ,  General Proposal for Prototype Instrument. 

A p r o t o t y p e  i n s t r u m e n t  which i n c o r p o r a t e s  t h e  l a t e s t  s t a t e -  
o f - t h e - a r t  t e c h n o l o g y  f o r  d e t e r m i n a t i o n  of many o f  t h e  above  
v a r i a b l e s  h a s  r e c e n t l y  b e e n  m a r k e t e d  by NOVA Biomedical ,  I n c .  
T h i s  i n s t r u m e n t  is  t h e  NOVA S t a t  P r o f i l e - 1 ,  and one  of these 
i n s t r u m e n t s  h a s  b e e n  made a v a i l a b l e  t o  u s  f o r  e v a l u a t i o n  b y  t h e  
m a n u f a c t u r e r .  W e  h a v e  pe r fo rmed  e x t e n s i v e  work i n  e v a l u a t i n g  
t h i s  i n s t r u m e n t ,  and a complete d e s c r i p t i o n  o f  t h e  i n s t r u m e n t  i s  
p r o v i d e d  under  t h e  METHODS s e c t i o n  below. 
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111. METHODS 

A. Description of Prototype Instrument Tested. 

When work unde r  t h i s  c o n t r a c t  was f i r s t  bequn,  i n i t i a l  steps 0 
were t a k e n  t o  tes t  i n d i v i d u a l  i o n - s e l e c t i v e  e l e c t r o d e s  and t o  - 
compare t h e s e  r e s u l t s  w i t h  s t a n d a r d  t e c h n i q u e s  s u c h  a s  f l a m e  
pho tomet ry .  I f  i o n - s e l e c t  i v e  e l e c t r o d e s  p r o v i d e d  s a  t i  sf  ac t o r y  
r e s u l t s ,  t h e  p l a n s  were t o  f o r m u l a t e  a d e s i g n  b y  which i m p o r t a n t  
i o n - s e l e c t i v e  e l e c t r o d e s  c o u l d  be i n c o r p o r a t e d  i n t o  a s i n g l e  
i n s t r u m e n t  f o r  measurement  o f  t h e  r e s p e c t i v e  i o n s  i n  a s i n g l e  
sample .  E a r l y  i n  t h e  p r o g r e s s  o f  t h i s  w o r k ,  d u r i n g  which t i m e  a 
s u r v e y  o f  e x i s t i n g  t e c h n o l o g y  w a s  b e i n g  c o n d u c t e d ,  i t  came t o  o u r  
a t t e n t i o n  t h a t  o n e  m a n u f a c t u r i n g  company had r e c e n t l y  m a r k e t e d  a n  
i n s t r u m e n t  which n o t  o n l y  p r o v i d e d  m e a s u r e s  of v a r i o u s  i o n s  u s i n g  
i o n  s e l e c t i v e  electrode t e c h n o l o g y ,  b u t  a l s o  p r o v i d e d  m e a s u r e s  o f  
many o f  t h e  o t h e r  i m p o r t a n t  d a t a  v a r i a b l e s  i d e n t i f i e d  i n  S e c t i o n  
IIA. The Nova S t a t  P r o f i l e - 1  m a n u f a c t u r e d  by Nova B iomed ica l  
Company was m a r k e t e d  p r i m a r i l y  f o r  u s e  i n  t h e  s u r g i c a l  s u i t e  
s i n c e  t h e  i n s t r u m e n t  was d e s i g n e d  t o  p r o v i d e  r a p i d  m e a s u r e s  o f  
key  d a t a  v a r i a b l e s  of immedia te  i n t e r e s t  t o  t h e  a t t e n d i n g  
p h y s i c i a n .  Fo r  t h e  most p a r t ,  t h e s e  d a t a  v a r i a b l e s  are  o n e s  
which are r e l e v a n t  t o  t h e  c a r d i o v a s c u l a r  and pulmonary  s t a t u s  o f  
t h e  p a t i e n t .  W e  c o n t a c t e d  Nova B iomed ica l  and informed them of 
o u r  i n t e r e s t  i n  e v a l u a t i n g  t h i s  i n s t r u m e n t  f o r  poss ib l e  u s e  i n  
t h e  HMF. The company w a s  g e n e r o u s  i n  s u p p l y i n g  u s  w i t h  o n e  of  
t h e i r  i n s t r u m e n t s  on  a l o a n  b a s i s  i n  o r d e r  t h a t  w e  may t h o r o u g h l y  
e v a l u a t e  i t .  

o p e r a t i o n .  A more t h o r o u g h  r e v i e w  o f  t h e  i n s t r u m e n t ,  i ts  
o p e r a t i o n ,  i t s  m a i n t e n a n c e ,  and i t s  t e c h n o l o g y  i s  i n c l u d e d  i n  t h e  
Appendix,  which is  t h e  u s e r ' s  manual  f o r  t h e  Nova S t a t  P r o f i l e -  
1. 

body f l u i d s  i n c l u d i n g  serum,  plasma, and whole b l o o d .  With 
a p p r o p r i a t e  d i l u t i o n ,  t h e  i n s t r u m e n t  may a l s o  b e  employed f o r  
analysis of urine, In addition to these fluids, the instrument 
may be used  f o r  a n a l y s i s  of e x p i r e d  g a s e s .  Using t h e  i n s t r u m e n t ,  
s a m p l e s  are  d i r e c t l y  a n a l y z e d  f o r  t h e  f o l l o w i n g  v a r i a b l e s :  

The f o l l o w i n g  is a c o n c i s e  r e v i e w  of t h e  i n s t r u m e n t  and i t s  0 
The S t a t  P r o f i l e - 1  a n a l y z e r  may b e  u s e d  w i t h  a v a r i e t y  o f  

PC02 

Sod i um 

Po t a  s s  i um 

I o n i z e d  Calc ium 
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H e m a t o c r i t  

From t h e  d i r e c t l y  measured r e s u l t s ,  c e r t a i n  v a r i a b l e s  a r e  
c a l c u l a t e d .  The c a l c u l a t e d  v a r i a b l e s  i n c l u d e  t h e  f o l l o w i n g :  0 

Oxygen S a t u r a t i o n  L e v e l  

Hemoglobin 

Oxygen C o n t e n t  o r  C o n c e n t r a t i o n  

B i c a r b o n a t e  C o n c e n t r a t i o n  

T o t a l  Carbon D i o x i d e  C o n c e n t r a t i o n  

B a s e  E x c e s s  o f  E x t r a c e l l u l a r  F l u i d  

S t a n d a r d  B i c a r b o n a t e  C o n c e n t r a t i o n  

Normalized C a l c i u m  

T h e  p r i n c i p l e s  f o r  measurement  o f  e a c h  o f  t h e  d i r e c t l y  
d e t e r m i n e d  v a r i a b l e s  i s  a s  f o l l o w s :  

(1) P02.  The p a r t i a l  p r e s s u r e  o f  oxygen is measured u s i n g  a 
s t a n d a r d  C l a r k  e l e c t r o d e  a s  r ev iewed  i n  s e c t i o n  I I B .  

( 2 )  PC02. T h e  p a r t i a l  p r e s s u r e  of c a r b o n  d i o x i d e  is a l s o  
d e t e r m i n e d  u s i n g  a s t a n d a r d  membrane t i p p e d  e l e c t r o d e  a s  
described above.  

-- 0 
( 3 )  E. pH i s  measured u s i n g  a hydrogen i o n - s e l e c t i v e  g l a s s  
membrane e l e c t r o d e  as  rev iewed above.  

( 4 )  H e m a t o c r i t .  H e m a t o c r i t  is  measured w i t h  an impedance 
e l e c t r o d e  u s i n g  t h e  known e l e c t r i c a l  r e s i s t a n c e  o f  r e d  b lood  - 
cells i n  b l o o d  s a m p l e s  and c o r r e c t e d  for t h e  e l e c t r i c a l  impedance  
d u e  t o  t h e  c o n c e n t r a t i o n  o f  sodium i n  t h e  sample  (sodium is  by  
f a r  t h e  most  c o n c e n t r a t e d  ion  i n  t h e  b l o o d ) .  

(5) Ion  C o n c e n t r a t i o n s .  The i n s t r u m e n t  tested was c a p a b l e  of  
measu r ing  sodium, p o t a s s i u m ,  and  i o n i z e d  c a l c i u m  c o n c e n t r a t i o n s .  
I n  o r d e r  t o  measu re  t h e  c o n c e n t r a t i o n s  of these i o n s ,  t h e  NOVA 
S t a t  P r o f i l e - 1  u s e s  i o n - s e l e c t i v e  e l e c t r o d e  t e c h n o l o g y  a s  
d e s c r i b e d  above .  

c e r t a i n  c a l c u l a t e d  v a l u e s  based  on t h e  a c t u a l  d i r e c t l y  measured 
v a l u e s .  C e r t a i n  f e a t u r e s  o f  t h e  d e r i v e d  v a l u e s  a r e  a s  f o l l o w s :  

The  S t a t  P r o f i l e - 1  employs a microcomputer  which d e r i v e s  

(1) Tempera tu re  C o r r e c t i o n .  A l l  d a t a  v a r i a b l e s  a r e  measured a t  
a t e m p e r a t u r e  of 3 7 O  c e n t i g r a d e .  I f  a p a t i e n t ' s  body t e m p e r a t u r e  
is  d i f f e r e n t  from 37O c e n t i g r a d e ,  t h e  a c t u a l  body t e m p e r a t u r e  may 
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be e n t e r e d  i n t o  t h e  m i c r o c o m p u t e r  v i a  a k e y  p a d .  Measured  v a l u e s  
f o r  p H ,  PC02 ,  a n d  PO2 a r e  t h e n  c o r r e c t e d  t o  t h e  a c t u a l  p a t i e n t ' s  
b o d y  t e m p e r a t u r e .  

( 2 )  I o n i z e d  C a l c i u m  N o r m a l i z e d  t o  pH 7.4.  S i n c e  t h e  a c t i v i t y  
a n d  c o n c e n t r a t i o n  o f  i o n i z e d  c a l c i u m  i n  w h o l e  blood, p l a s m a  a n d  

0 
s e r u m  is p H  d e p e n d e n t ,  t h e  v a l u e  f o r  i o n i z e d  c a l c i u m  m e a s u r e d  is 
corrected t o  a p H  o f  7 .4  i f  t h e  m e a s u r e d  p H  i s  d i f f e r e n t  from 
t h i s  v a l u e .  T h u s ,  t h i s  n o r m a l i z e d  c a l c i u m  v a l u e  r e p r e s e n t s  w h a t  
t h e  i o n i z e d  c a l c i u m  c o n c e n t r a t i o n  w o u l d  h a v e  b e e n  i f  t h e  i n i t i a l  
pH was 7 . 4 .  

( 3 )  Oxygen S a t u r a t i o n .  Oxygen s a t u r a t i o n  is d e f i n e d  a s  t h e  
p e r c e n t  o f  t h e  h e m o g l o b i n  i n  blood t h a t  i s  a c t u a l l y  bound  w i t h  
o x y g e n .  I n  o r d e r  t o  c a l c u l a t e  t h e  o x y g e n  s a t u r a t i o n  i n  a b l o o d  
sample, t h e  m i c r o c o m p u t e r  u s e s  t h e  a c t u a l l y  m e a s u r e d  PO2 a n d  
e m p l o y s  t h i s  v a l u e  i n  a n  e q u a t i o n  r e p r e s e n t i n g  a n o r m a l  o x y g e n -  
hemog lob  i n  d i ssoc i a t i o  n c u r v e  . 
( 4 )  H e m o g l o b i n  C o n c e n t r a t i o n .  The  c o n c e n t r a t i o n  o f  h e m o g l o b i n  
i n  t h e  b l o o d  is c a l c u l a t e d  f r o m  t h e  m e a s u r e d  h e m a t o c r i t .  I n  
c a l c u l a t i n g  h e m o g l o b i n  i t  is  a s s u m e d  t h a t  t h e  h e m o g l o b i n  
c o n c e n t r a t i o n  ( g r a m s / 1 0 0  ml b l o o d )  is e q u a l  t o  t h e  m e a s u r e d  
h e m a t o c r i t  ( % )  d i v i d e d  b y  3. 

( 5 )  Oxygen C o n t e n t .  Oxygen c o n t e n t  i s  t h e  t o t a l  a m o u n t  of 
o x y g e n  c o n t a i n e d  i n  a g i v e n  v o l u m e  of w h o l e  b l o o d ,  i n c l u d i n g  
d i s s o l v e d  o x y g e n  ( w h i c h  a m o u n t s  t o  o n l y  a s m a l l  p o r t i o n  of t h e  
t o t a l  o x y g e n )  a n d  o x y g e n  b o u n d  t o  h e m o g l o b i n .  The e q u a t i o n  f o r  
c a l c u l a t i n g  o x y g e n  c o n t e n t  a s s u m e s  a v a l u e  of 1.39 m l  of o x y g e n  
per gram o f  h e m o g l o b i n .  I t  is n o t e d  t h a t  i n  most cases t h e  
h e m o g l o b i n  c o n c e n t r a t i o n  b a s e d  o n  t h e  m e a s u r e d  h e m a t o c r i t  v a l u e  
i s  a v a l i d  a s s u m p t i o n .  However ,  i f  h e m o g l o b i n  is  d i r e c t l y  
m e a s u r e d  b y  a s epa ra t e  m e t h o d o l o g y ,  t h e  a c t u a l  m e a s u r e d  
h e m o g l o b i n  v a l u e  c a n  be e n t e r e d ,  a n d  t h e  o x y g e n  c o n t e n t  
c a l c u l a t e d  w i l l  be b a s e d  o n  t h e  a c t u a l l y  m e a s u r e d  h e m o g l o b i n .  

( 6 )  B i c a r b o n a t e  C o n c e n t r a t i o n .  B i c a r b o n a t e  c o n c e n t r a t i o n  is 
c a l c u l a t e d  f r o m  t h e  m e a s u r e d  v a l u e s  of p H  a n d  PC02 u s i n g  t h e  
H e n d e r s o n - H a s s e l b a c h  e q u a t i o n .  

( 7 )  T o t a l  C a r b o n  D i o x i d e  C o n t e n t .  The  t o t a l  c a r b o n  d i o x i d e  
c o n t e n t  i n c l u d e s  b o t h  t h e  c a r b o n  d i o x i d e  d i s s o l v e d  i n  plasma a n d  
t h e  c a r b o n  d i o x i d e  c o m b i n e d  a s  b i c a r b o n a t e .  The t o t a l  c a r b o n  
d i o x i d e  c o n t e n t  i s  c a l c u l a t e d  a s  t h e  sum of b i c a r b o n a t e  p l u s  t h e  
PC02 t i m e s  t h e  s o l u b i l i t y  c o e f f i c i e n t  f o r  c a r b o n  d i o x i d e .  

( 8 )  B a s e  E x c e s s  o f  B l o o d .  B a s e  e x c e s s  of  b l o o d  is d e f i n e d  as  
t h e  number  of mmoles  of s t r o n g  a c i d  o r  base n e e d e d  t o  t i t r a t e  1 
l i t e r  of  b l o o d  t o  a p H  o f  7 . 4 - a t  37O c e n t i g r a d e  when t h e  PC02 is  
h e l d  c o n s t a n t  a t  40 mmHg. T h e  m i c r o c o m p u t e r  o f  t h e  S t a t  P r o f i l e -  
1 c a l c u l a t e s  t h e  b a s e  excess of b l o o d  from t h e  m e a s u r e d  v a l u e s  
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f o r  hemoglobin  c o n c e n t r a t i o n ,  pH, and t h e  c a l c u l a t e d  v a l u e  o f  
b i c a r b o n a t e  c o n c e n t r a t i o n .  

c a l i b r a t i o n  r e a g e n t s  f o r  pH and o t h e r  i o n s .  The r e a g e n t s  f o r  t h e  
i o n s  c o n s i s t  of s t a n d a r d  s o l u t i o n s  of t h e  i o n s  a t  l e a s t  2 
d i f f e r e n t  c o n c e n t r a t i o n s .  The r e a g e n t s  a re  t o t a l l y  i n o r g a n i c  i n  
c o m p o s i t i o n .  I n  a d d i t i o n  t o  t h e  r e f e r e n c e  s o l u t i o n  and t h e  4 
s t a n d a r d  s o l u t i o n s ,  t h e  r e a g e n t  pack c o n t a i n s  a f l u s h  s o l u t i o n  a s  
w e l l  a s  a waste b o t t l e  f o r  d i s p o s a l  of  waste. I n  a d d i t i o n  t o  
these r e a g e n t s ,  t h e  i n s t r u m e n t  c o n t a i n s  2 t a n k s  o f  c a l i b r a t i n g  
gas  f o r  c a l i b r a t i o n  of t h e  b l o o d  gas  electrodes. These t a n k s  a re  
of t h e  s m a l l  E s i z e  v a r i e t y .  T h e  i n s t r u m e n t  c o n t a i n s  a n  i n t e r n a l  
barometer used i n  measu remen t s  of g a s  p a r t i a l  p r e s s u r e s .  I t s  
r a n g e  is 450-800 mmHg. The i n s t r u m e n t  performs a 1 p o i n t  
c a l i b r a t i o n  a f t e r  e v e r y  sample a n a l y s i s  and a 2 p o i n t  c a l i b r a t i o n  
e v e r y  2 h o u r s .  The r e a g e n t  pack c o n t a i n s  a l l  f l u i d s  n e c e s s a r y  
f o r  a n a l y s i s  of  300 samples. As now d e s i g n e d ,  a l l  r e a g e n t  
s o l u t i o n s  are c o n t a i n e d  i n  r i g i d  p l a s t i c  b o t t l e s  and f low o f  
r e a g e n t s  i s  c a u s e d  by  a n  e lec t r ica l  pump. The i n s t r u m e n t  a l s o  
u s e s  t h e  e lectr ical  pump t o  p u l l  t h e  sample f l u i d  t h r o u g h  a n  
e x t e r n a l  i n l e t  po r t .  For e a c h  sample a n a l y s i s ,  0.250 m l  of 
sample f l u i d  is loaded i n t o  t h e  electrode compar tment .  

on  a CRT and are p r i n t e d  on  hard copy.  The CRT a l s o  d i s p l a y s  
u s e r  i n f o r m a t i o n .  The i n s t r u m e n t  a l s o  has  t h e  c a p a c i t y  f o r  
a d d i t i o n  of  a modem f o r  remote s e r v i c e  c o n t a c t  and d i a g n o s t i c s .  
The  i n s t r u m e n t  i s  c o n t r o l l e d  by a key  pad mounted on t h e  f r o n t  
face, and t h e  is e x t r e m e l y  u s e r - f r i e n d l y .  Our e x p e r i e n c e  has b e e n  
t h a t  o n l y  a s h o r t  period of t r a i n i n g  and f a m i l i a r i z a t i o n  is  
r e q u i r e d  for  i t s  o p e r a t i o n .  

He igh t  = 1 9  i n c h e s ,  w i d t h  = 2 2  i n c h e s ,  d e p t h  = 2 2  i n c h e s ,  w e i g h t  
w i t h  f u l l  r e a g e n t  pack = 1 3 5  pounds .  

The  i n s t r u m e n t  c o n t a i n s  a r e a g e n t  pack w i t h  r e f e r e n c e  and 0 

As now d e s i g n e d ,  t h e  o u t p u t s  o f  t h e  i n s t r u m e n t  are  d i s p l a y e d  

The p h y s i c a l  d i m e n s i o n s  o f  t h e  S t a t  P r o f i l e - 1  a re  a s  f o l l o w s :  

0 

B. Gold Standard Techniaues. 

For e v a l u a t i o n  of t h e  p ro to type  i n s t r u m e n t  blood samples  
were a n a l y z e d  w i t h  t h e  i n s t r u m e n t  and t h e  r e s u l t s  were compared 
t o  r e s u l t s  o b t a i n e d  upon a n a l y s i s  of a l i q u o t s  of t h e  s a m e  samples 
u s i n g  accepted "Gold S t a n d a r d "  t e c h n i q u e s .  The p a r t i c u l a r  Gold 
S t a n d a r d  t e c h n i q u e  which w a s  employed depended upon t h e  d a t a  
v a r i a b l e  of i n t e r e s t .  The s t a n d a r d  used  f o r  each of t h e  d a t a  
v a r i a b l e s  a r e  rev iewed  below: 

(1) Blood Gases and pH. The v a l u e s  f o r  P02,  PC02, and pH 
o b t a i n e d  u s i n g  t h e  S t a t  P r o f i l e - 1  were compared t o  those  u s i n g  
t h e  C o r n i n g  Model 1 7 5  b l o o d  g a s  a n a l y z e r .  The C o r n i n g  i n s t r u m e n t  
u s e s  s t a n d a r d  oxygen,  c a r b o n  d i o x i d e ,  and p H  electrodes and is  a 
commonly a c c e p t e d  i n s t r u m e n t  e x i s t i n g  i n  many c l i n i c a l  
l a b o r a t o r i e s .  
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( 2 )  Hemoglobin C o n c e n t r a t i o n ,  Hemoglobin S a t u r a t i o n ,  and Oxygen 
C o n t e n t  o f  Blood. The v a l u e s  f o r  these v a r i a b l e s  a r e  n o t  
d i r e c t l y  measured by t h e  S t a t  P r o f i l e - 1  b u t  a r e  d e r i v e d  from 
o t h e r  d i r e c t l y  measured v a l u e s .  The d e r i v e d  v a l u e s  were compared 
t o  d i r e c t l y  measured v a l u e s  o b t a i n e d  by u s e  o f  a Radiometer  OSM-2 
hemoximeter.  T h i s  a l s o  i s  a commonly used  and a c c e p t e d  
i n s t r u m e n t  f o r  d e t e r m i n a t i o n  of  these d a t a  v a r i a b l e s .  

0 
( 3 )  H e m a t o c r i t .  The h e m a t o c r i t  measured by q u a n t i t a t i o n  o f  t h e  
e lec t r ica l  impedance o f  b lood  by t h e  S t a t  P r o f i l e - 1  was compared 
t o  t h e  h e m a t o c r i t  d i r ec t  measured by t h e  c e n t r i f u g a t i o n  
t e c h n i q u e .  For  t h i s  p u r p o s e ,  c a p i l l a r y  t u b e s  were f i l l e d  w i t h  
a l i q u o t s  o f  t h e  b lood  s a m p l e s ,  and t h e  red blood cel ls  were 
c e n t r i f u g e d  u s i n g  a Clay-Adams h e m a t o c r i t  c e n t r i f u g e .  

( 4 )  Blood C o n c e n t r a t i o n  o f  Sodium and Po tas s ium I o n s .  The 
c o n c e n t r a t i o n s  o f  these i o n s  a s  determined u s i n s  i o n  s e l e c t i v e  
e l e c t r o d e  t e c h n o l o g y  w i t h  t h e  S t a t  P r o f i l e - 1  we;e compared t o  
v a l u e s  o b t a i n e d  u s i n g  t h e  f lame p h o t o m e t r i c  t e c h n i q u e .  For  t h i s  
Pu rpose  an I n s t r u m e n t a t i o n  L a b o r a t o r i e s  f l a m e  photometer  was 
employed . 
( 5 )  C o n c e n t r a t i o n  o f  I o n i z e d  Calcium. Va lues  f o r  i o n i z e d  
c a l c i u m  were n o t  o b t a i n e d  by a s t a n d a r d  t e c h n i q u e .  Ra the r  t h e  
v a l u e s  f o r  i o n i z e d  c a l c i u m  o b t a i n e d  u s i n g  s e l e c t i v e  e l e c t r o d e  
t e c h n o l o g y  w i t h  t h e  S t a t  P r o f i l e - 1  were compared t o  v a l u e s  f o r  
t o t a l  b lood  c a l c i u m  o b t a i n e d  u s i n g  a t h e  ACA s t a n d a r d  
c o l o r o m e t r i c  t e c h n i q u e .  T h i s  c o l o r o m e t r i c  t e c h n i q u e  is r o u t i n e l y  
employed by o u r  Tox ico logy  d i v i s i o n  o f  t h e  Depar tment  o f  
P a t h o l o g y  and Toxicology.  I t  p r o v i d e s  a v a l u e  f o r  t o t a l  b lood  
c a l c i u m ,  i n c l u d i n g  b o t h  i o n i z e d  and bound c a l c i u m .  T h e  p o r t i o n  
o f  t o t a l  c a l c i u m  which is  i n  t h e  i o n i z e d  form amounts t o  a b o u t  
45-50% and is v e r y  c o n s i s t e n t  from i n d i v i d u a l - t o - i n d i v i d u a l  ( 1 3 ) .  
T h e r e f o r e ,  a compar i son  o f  i o n i z e d  c a l c i u m  w i t h  t o t a l  c a l c i u m  
p r o v i d e d  a r e a s o n a b l e  measu re  o f  t h e  r e l i a b i l i t y  o f  t h e  S t a t  
P r o f i l e - 1  i n  t h e  m e a s u r e m e n t  o f  b lood  i o n i z e d  c a l c i u m .  

0 

(6) C o n c e n t r a t i o n  o f  Blood B i c a r b o n a t e .  Blood b i c a r b o n a t e  
c o n c e n t r a t i o n  w i t h  t h e  S t a t  P r o f i l e - 1  is  c a l c u l a t e d  f o r  measured 
v a l u e s  o f  pH and PC02. These  v a l u e s  were compared t o  t h o s e  
o b t a i n e d  u s i n g  t h e  Corning  Model 175  b lood  g a s  a n a l y z e r .  T h e  
Corn ing  i n s t r u m e n t  a l s o  d e r i v e s  b i c a r b o n a t e  from measured v a l u e s  
o f  pH and PC02. 

C ,  Protocols. 

A n a l y s e s  were per formed on b o t h  human b lood  and c a n i n e  b l o o d .  
The g e n e r a l  p r o t o c o l s  are described below. 

(1) Human Blood Samples .  I n  o r d e r  t o  g e t  a g r e a t  v a r i e t y  i n  t h e  
v a l u e s  o f  d a t a  v a r i a b l e s  measured ,  b o t h  a r t e r i a l  and venous b lood  
samples  were drawn from a v a r i e t y  o f  human s u b j e c t s .  I n  a l l  
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c a s e s ,  a n  a l i q u o t  o f  t h e  b l o o d  s a m p l e  was d r a w n  i n  a h e p a r i n -  
l i n e d  v a c u t a i n e r  ( g r e e n  t o p ) ,  and  a n o t h e r  a l i q u o t  was drawn i n  a 
v a c u t a i n e r  f o r  b l o o d  c l o t t i n g  ( z e b r a  t o p ) .  The h e p a r i n i z e d  
s a m p l e  was used f o r  a n a l y s i s  i n  t h e  NOVA S t a t  P r o f i l e - 1  a s  W e l l  
a s  f o r  b l o o d  g a s ,  pH, h e m o g l o b i n  c o n c e n t r a t i o n ,  p e r c e n t  
h e m o g l o b i n  s a t u r a t i o n ,  o x y g e n  c o n t e n t ,  and h e m a t o c r i t  u s i n g  G o l d  
S t a n d a r d  t e c h n i q u e s .  The s a m p l e  t h a t  w a s  d r a w n  i n  t h e  zebra t o p  
v a c u t a i n e r  was a l l o w e d  t o  c l o t ,  and t h e  se rum was used  f o r  
a n a l y s i s  f o r  p o t a s s i u m ,  s o d i u m ,  and c a l c i u m .  A l l  a n a l y s e s  were 
p e r f o r m e d  w i t h i n  20  m i n u t e s  o f  b l o o d  w i t h d r a w a l .  A n a l y s e s  on t h e  
h e p a r i n i z e d  a l i q u o t  were p e r f o r m e d  i n  t h e  D e p a r t m e n t  o f  
P h y s i o l o g y  a t  T e x a s  C o l l e g e  o f  O s t e o p a t h i c  Med ic ine ,  w h i l e  i o n  
a n a l y s e s  on  t h e  se rum a l i q u o t s  were p e r f o r m e d  by  t h e  D e p a r t m e n t  
o f  T o x i c o l o g y  a t  T e x a s  C o l l e g e  o f  O s t e o p a t h i c  Medic ine .  

The human b l o o d  s a m p l e s  a n a l y z e d  i n c l u d e d  1 9  s a m p l e s  f r o m  
t h e  a m b u l a t o r y  care c l i n i c  a t  T e x a s  C o l l e g e  o f  O s t e o p a t h i c  
M e d i c i n e ,  50 s a m p l e s  f r o m  t h e  r e n a l  d i a l y s i s  u n i t  ( 2 5  o f  these 
were f r o m  p a t i e n t s  i m m e d i a t e l y  p r i o r  t o  d i a l y s i s  a n d  25  were f r o m  
t h o s e  same  p a t i e n t s  i m m e d i a t e l y  f o l l o w i n g  d i a l y s i s )  , 9 s a m p l e s  
f r o m  t h e  ICU/CCU o f  F o r t  Wor th  O s t e o p a t h i c  M e d i c a l  C e n t e r ,  a n d  1 4  
s a m p l e s  f r o m  n o r m a l  human v o l u n t e e r s .  O f  t h e  p a t i e n t s  i n  t h e  
a m b u l a t o r y  care u n i t  a n d  t h e  ICU/CCU, p a t i e n t  d i a g n o s e s  i n c l u d e d  
c h r o n i c  o b s t r u c t i v e  p u l m o n a r y  d i s e a s e ,  m y o c a r d i a l  i n f a r c t i o n ,  
c a r d i a c  a r r h y t h m i a s ,  t h e o p h y l l i n e  t o x i c i t y ,  and  n o n c o m p l i a n c e  
w i t h  d i u r e t i c  d r u g  t h e r a p y .  The n o r m a l  v o l u n t e e r s  i n c l u d e d  
p r o f e s s i o n a l  and s t u d e n t  w o r k e r s  i n  t h e  D e p a r t m e n t  o f  P h y s i o l o g y  
w i t h  a g e s  r a n g i n g  f r o m  2 0 - 4 5  y e a r s .  A l l  p r o c e d u r e s  u s i n g  human 
b l o o d  were a p p r o v e d  b y  t h e  T e x a s  C o l l e g e  o f  O s t e o p a t h i c  M e d i c i n e  
I n s t i t u t i o n a l  Rev iew Board  ( I R B ) ,  and  s i g n e d  P a t i e n t  C o n s e n t  
Forms  were o b t a i n e d  f o r  a l l  s u b j e c t s .  

0 

( 2 )  C a n i n e  B lood  S t u d i e s .  I n  a d d i t i o n  t o  a n a l y s e s  o n  human 
b l o o d ,  a t o t a l  o f  56 a n a l y s e s  were p e r f o r m e d  on  s a m p l e s  o f  c a n i n e  
b l o o d .  C a n i n e  b l o o d  h a s  a c o m p o s i t i o n  a l m o s t  i d e n t i c a l  t o  t h a t  
o f  human b l o o d ,  t h u s  m a k i n g  t h e  r e su l t s  a p p l i c a b l e  t o  t h e  human.  
These  s t u d i e s  on  d o g s  were p e r f o r m e d  f o r  2 g e n e r a l  p u r p o s e s .  
F i r s t ,  c a r d i o v a s c u l a r  a n d / o r  p u l m o n a r y  p e r t u r b a t i o n s  c o u l d  be 
a p p l i e d  t o  t h e  a n e s t h e t i z e d  a n i m a l  i n  o r d e r  t o  p r o d u c e  w i d e  
v a r i a t i o n s  i n  m e a s u r e d  d a t a  v a r i a b l e s .  Such a wide v a r i a t i o n  i n  
v a l u e s  a d d e d  credence t o  t h e  c o m p a r i s o n  o f  r e s u l t s  o b t a i n e d  w i t h  
t h e  S t a t  P r o f i l e - 1  i n s t r u m e n t  and G o l d  S t a n d a r d  t e c h n i q u e s .  
S e c o n d ,  b y  a p p l i c a t i o n  o f  c o n t r o l l e d  c a r d i o v a s c u l a r  a n d / o r  
p u l m o n a r y  p e r t u r b a t i o n s ,  w e  f e l t  w e  c o u l d  g a i n  a d d e d  i n s i g h t  i n t o  
whe the r  or n o t  t h e  selected d a t a  v a r i a b l e s  c h a n g e d  i n  t h e  
d i r e c t i o n  p r e d i c t e d .  T h u s ,  t h e  r e s u l t s  o f  t h e s e  s t u d i e s  g a v e  
i n i t i a l  s u p p o r t  f o r  t h e  a p p l i c a b i l i t y  o f  t h e s e  selected d a t a  
v a r i a b l e s  i n  e v a l u a t i o n  of c a r d i o v a s c u l a r  o r  p u l m o n a r y  
i m p a i r m e n t s .  

w i t h d r a w n  u n d e r  c o n t r o l  c o n d i t i o n s ,  d u r i n g  t h e  c o u r s e  o f  a 
s p e c i f i c  p e r t u r b a t i o n ,  and d u r i n g  a r e c o v e r y  p e r i o d .  
P e r t u r b a t i o n s  i n c l u d e d  ( a )  h y p e r v e n t i l a t i o n  c a u s e d  b y  i n c r e a s i n g  

I n  a n i m a l  s t u d i e s ,  a r t e r i a l  a n d / o r  v e n o u s  b l o o d  s a m p l e s  were 
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r e s p i r a t o r y  r a t e  from a c o n t r o l  v a l u e  o f  1 2 / m i n  t o  18 /min ,  ( b )  
h y p o v e n t i l a t i o n  c a u s e d  by a r e d u c t i o n  i n  r e s p i r a t o r y  ra te  from a 
c o n t r o l  v a l u e  o f  12/min  t o  6 /min ,  and hypovolemia caused  by 
c o n t r o l l e d  hemorrhage.  I n  a d d i t i o n ,  f u r t h e r  e x p e r i m e n t s  were 
performed on d o g ' s  b lood  i n  o r d e r  t o  examine t h e  c o n s i s t e n c y  o f  
measurements  made w i t h  t h e  S t a t  P r o f i l e - 1 .  For t h i s  p u r p o s e ,  6 
d i f f e r e n t  c a n i n e  b lood  samples  were employed, and each  sample  was 
a n a l y z e d  4 c o n s e c u t i v e  times w i t h i n  a p e r i o d  of  15-16 m i n u t e s .  

0 

D. D a t a  A n a l v s i s .  

A l l  d a t a  v a r i a b l e s  o b t a i n e d  from t h e  NOVA S t a t  P r o f i l e - 1  were 
compared t o  t h o s e  u s i n g  Gold S t a n d a r d  t e c h n i q u e s  u s i n g  a l i n e a r  
r e g r e s s i o n  a n a l y s i s .  For t h i s  p u r p o s e ,  i t  was assumed t h a t  t h e  
Gold S t a n d a r d  r e s u l t  was an a b s o l u t e l y  a c c u r a t e  and i n d e p e n d e n t  
v a r i a b l e  (X-ax i s )  and t h e  r e su l t s  from t h e  S t a t  P r o f i l e - 1  was t h e  
dependen t  v a r i a b l e  ( Y - a x i s ) .  The r e g r e s s i o n  o f  Y on X was t h e n  
o b t a i n e d  f o r  a l l  human b lood  samples  a n a l y z e d  u s i n g  t h e  l e a s t  
mean s q u a r e s  t e c h n i q u e ,  and a r e g r e s s i o n  c o e f f i c i e n t  ( r )  w a s  
c a l c u l a t e d .  To test whether  t h e  s l o p e  o f  t h e  l i n e a r  r e g r e s s i o n  
o b t a i n e d  was d i f f e r e n t  from a v a l u e  o f  1 ( i . e .  t h a t  v a l u e s  
o b t a i n e d  w i t h  t h e  S t a t  P r o f i l e - 1  were d i f f e r e n t  from t h o s e  
o b t a i n e d  u s i n g  Gold S t a n d a r d  t e c h n i q u e s )  , t h e  f o l l o w i n g  e q u a t i o n  
was employed t o  c a l c u l a t e  t - v a l u e  (14): 

t =  S l o p e  -0 v S.E.  o f  S l o p e  

( d e g r e e s  o f  f reedom = n-2) 

A P v a l u e  > 0.05 w a s  a c c e p t e d  a s  an i n d i c a t i o n  t h a t  t h e  
r e g r e s s i o n  was n o t  d i f f e r e n t  from 1, i.e. i t  was n o t  d i f f e r e n t  
from i d e n t i t y .  

I n  a d d i t i o n  t o  o b t a i n i n g  a l i n e a r  r e g r e s s i o n  f o r  a l l  human 
b lood  s a m p l e s ,  r e g r e s s i o n  a n a l y s e s  were a l s o  performed on c e r t a i n  
s u b s e t s  of d a t a .  S p e c i f i c a l l y ,  r e g r e s s i o n  a n a l y s e s  w e r e  
per formed on human b lood  o b t a i n e d  from t h e  r e n a l  d i a l y s i s  u n i t .  
One r e g r e s s i o n  w a s  per formed on b lood  o b t a i n e d  immedia t e ly  p r i o r  
t o  d i a l y s i s ,  w h i l e  a n o t h e r  r e g r e s s i o n  a n a l y s i s  was per formed on 
b lood  o b t a i n e d  immedia t e ly  a f t e r  d i a l y s i s .  S i n c e  some c h e m i c a l  
d a t a  v a r i a b l e s  were a l t e r e d  s u b s t a n t i a l l y  by. d i a l y s i s ,  a 
compar ison  o f  p r e d i a l y s i s  and p o s t d i a l y s i s  r e g r e s s i o n s  o f  a l l  
d a t a  v a r i a b 1 , e s  g a v e  i n s i g h t  i n t o  m u t u a l  i n t e r a c t i o n s  o r  
i n t e r f e r e n c e  o f  one  c h e m i c a l  c o n s t i t u e n t  upon a n o t h e r .  For 
example,  t h e  c o n c e n t r a t i o n  of  p o t a s s i u m  ion  was found t o  be 
a l t e r e d  s u b s t a n t i a l l y  by d i a l y s i s .  In  t h i s  case, i f  t h e  
r e g r e s s i o n  of  X on Y f o r  sodium i o n  d i d  n o t  change  from t h e  
p r e d i a l y s i s  b lood  t o  t h e  p o s t d i a l y s i s  b l o o d ,  t h e  r e s u l t s  would 
i n d i c a t e  t h a t  c h a n g e s  i n  p o t a s s i u m  i o n  do  n o t  a f f e c t  t h e  
r e l i a b i l i t y  o f  t h e  i n s t r u m e n t  (i.e. i o n - s e l e c t i v e  e l e c t r o d e  
t e c h n o l o g y )  i n  d e t e r m i n a t i o n  o f  sodium. 
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I n  many c a s e s ,  t h e  c o n c e n t r a t i o n  o f  a c h e m i c a l  c o n s t i t u e n t  
was n o t  found t o  v a r y  g r e a t l y  among t h e  many blood samples 
a n a l y z e d .  In  s u c h  cases, l i n e a r  r e g r e s s i o n  a n a l y s i s  d i d  n o t  
p r o d u c e  r e l i ab le  r e s u l t s .  Thus,  i n  t h e s e  cases t h e  mean v a l u e s  
of  t h a t  c h e m i c a l  component a s  d e t e r m i n e d  w i t h  t h e  S t a t  P r o f i l e - 1  
w a s  compared t o  t h e  mean v a l u e  d e t e r m i n e d  w i t h  t h e  r e s p e c t i v e  
Gold S t a n d a r d  t e c h n i q u e  u s i n g  S t u d e n t ' s  t-test f o r  u n p a i r e d  d a t a  
( 1 5 ) .  I n  these cases, a P v a l u e  > 0.05 i n d i c a t e d  t h a t  t h e  mean 
v a l u e s  were n o t  s i g n i f i c a n t l y  d i f f e r e n t .  

s t a t i s t i c a l  t e c h n i q u e s  s i m i l a r  t o  t h o s e  f o r  human blood were 
employed. However, t h e  flame p h o t o m e t r i c  t e c h n i q u e  f o r  a n a l y s i s  
o f  i o n s  i n  c a n i n e  b l o o d  w a s  n o t  employed.  

For s t a t i s t i c a l  a n a l y s i s  of c a n i n e  blood samples, 
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IV. RESULTS 

A. Comparison of Prototype and Standards. 0 
T h i s  s e c t i o n  w i l l  p r e s e n t  t h e  r e s u l t s  o b t a i n e d  b o t h  i n  

s t u d i e s  o f  human b lood  and i n  s t u d i e s  o f  c a n i n e  b lood .  The 
r e s u l t s  p r e s e n t e d  h e r e  are  d i s p l a y e d  i n  f i g u r e  form a s  w e l l  a s  i n  
t a b u l a r  form i n  t h e  C and D s u b - s e c t i o n s  o f  t h e  R e s u l t s  s e c t i o n .  

(1) Comparison o f  P r o t o t y p e  and S t a n d a r d s  i n  a l l  Human Blood 
Samples .  Blood samples were a n a l y z e d  i n  92 human b lood  s a m p l e s  
u s i n g  b o t h  t h e  S t a t  P r o f i l e - 1  and  s t a n d a r d  t e c h n i q u e s .  A 
compar i son  o f  v a l u e s  be tween t h e  two t e c h n i q u e s  among t h e  t o t a l  
set  o f  human b l o o d  s a m p l e s  is  p r e s e n t e d  h e r e .  

F i g u r e  1 shows t h e  l i n e a r  r e g r e s s i o n  o f  v a l u e s  f o r  PO2 
d e t e r m i n e d  by  t h e  NOVA S t a t  P r o f i l e  1 on v a l u e s  o b t a i n e d  u s i n g  
t h e  Corning  Blood G a s  I n s t r u m e n t .  The s o l i d  l i n e  i s  t h e  
c a l c u l a t e d  r e g r e s s i o n  o f  Y on X w h i l e ,  t h e  d a s h e d  l i n e  r e p r e s e n t s  
t h e  l i n e  o f  i d e n t i t y  ( i . e .  t h e  l i n e  upon which a l l  p o i n t s  would 
f a l l  i f  t h e  NOVA d e t e r m i n a t i o n s  were e x a c t l y  t h e  same a s  t h e  
Corn ing  d e t e r m i n a t i o n s ) .  The a c t u a l l y  d e t e r m i n e d  e q u a t i o n  f o r  
t h e  l i nea r  r e g r e s s i o n  o f  Y on X is  shown a t  t h e  t o p  o f  t h e  F i g u r e  
i s  a s  t h e  c a l c u l a t e d  r e g r e s s i o n  c o e f f i c i e n t  ( r ) .  Table  1 shows 
a l l  v a l u e s  d e t e r m i n e d  b y  b o t h  t h e  NOVA and t h e  S t a n d a r d  
t e c h n i q u e .  The column on t h e  l e f t  (ACC # )  is t h e  a c c e s s i o n  
number f o r  e a c h  sample .  The column o f  numbers o f  t h e  f a r  r i g h t  
shows t h e  a b s o l u t e  d i f f e r e n c e  b e t w e e n  t h e  v a l u e  o b t a i n e d  b y  t h e  
NOVA i n s t r u m e n t  and by  t h e  S t a n d a r d  i n s t r u m e n t .  The mean PO2 f o r  
a l l  b lood  s a m p l e s  a s  d e t e r m i n e d  b y  t h e  NOVA i n s t r u m e n t  was 76.5 
mmHg, w h i l e  t h a t  d e t e r m i n e d  by  t h e  Corn ing  was 77.3 mmHg. T h e r e  
was no s i g n i f i c a n t  d i f f e r e n c e  be tween t h e s e  two means (P>0.05) . 
I t  c a n  a l s o  be s e e n  i n  F i g u r e  1 t h a t  t h e  r e g r e s s i o n  o f  t h e  NOVA 
v a l u e s  on t h e  C o r n i n g  v a l u e s  was e x t r e m e l y  c l o s e  t o  u n i t y  and 
t h a t  t h e  r e g r e s s i o n  c o e f f i c i e n t  w a s  e x t r e m e l y  h i g h  ( a n  r v a l u e  o f  
1 .000  would i n d i c a t e  t h a t  a l l  p o i n t s  f e l l  on t h e  same l i n e ) .  I n  
t h e  case of P02, t h e  s l o p e  of t h e  l i n e a r  r e g r e s s i o n  o f  Y on X w a s  
n o t  s i g n i f i c a n t l y  d i f f e r e n t  f rom a v a l u e  o f  1. 

F i g u r e  2 shows t h e  l i n e a r  r e g r e s s i o n  of Y on X f o r  PC02, and 
T a b l e  2 shows a l l  v a l u e s  o f  PO2 d e t e r m i n e d  by b o t h  t h e  NOVA S t a t  
P r o f i l e - 1  and t h e  C o r n i n g  b l o o d  g a s  i n s t r u m e n t .  Among a l l  b l o o d  
s a m p l e s ,  t h e  mean PC02 a s  d e t e r m i n e d  by  t h e  NOVA i n s t r u m e n t  was 
4 2 . 4 ,  mmHg w h i l e  t h a t  d e t e r m i n e d  b y  t h e  Corn ing  i n s t r u m e n t  was 
40 .0  mmHg. T h e r e  was no s t a t i s t i c a l l y  d i f f e r e n c e  between t h e s e  
two v a l u e s .  A s  c a n  be s e e n  i n  F i g u r e  2, t h e  r e g r e s s i o n  o f  Y on X 
was v e r y  s i m i l a r  t o  t h e  l i n e  o f  i d e n t i t y ,  and t h e  c o e f f i c i e n t  f o r  
t h i s  r e g r e s s i o n  w a s  e x t r e m e l y  h i g h .  The re  was no s i g n i f i c a n t  
d i f f e r e n c e  be tween t h e  a c t u a l l y  d e t e r m i n e d  s l o p e  o f  t h e  
r e g r e s s i o n  and t h e  t h e o r e t i c a l  l i n e  o f  i d e n t i f y .  

F i g u r e  3 shows t h e  r e s u l t s  o b t a i n e d  among t h e  t o t a l  number 
of b lood  s a m p l e s  when d e t e r m i n i n g  pH by  t h e  NOVA i n s t r u m e n t  and 
by  t h e  Corn ing  i n s t r u m e n t .  Table 3 shows t h e  i n d i v i d u a l  v a l u e  

0 

f o r  a l l  b lood  samples .  Among a l l  b lood  s a m p l e s ,  t h e  mean pH 0 18 



determined by the NOVA instrument was 7.339, while the mean value 
determined by the Corning was 7.346. There was no significant 
difference between these two means. Furthermore, as can be seen 
in Figure 3 the regression of Y (the NOVA values) on X (the 
Corning values) was very close to the theoretical line of 
identify. Again, the coefficient for this linear regression was 
extremely high. Also as seen in the case of PO2 and PC02, the 
slope of the linear regression for pH was not statistically 
different from the theoretical value of 1. 

(Hct) are shown in Figure 4 and Table 4 .  Among all blood 
samples, the mean hematocrit as determined by the NOVA instrument 
was 37.03%, while that determined by the centrifugation technique 
was 35.73%. There was no statistically significance difference 
between these two means. Furthermore, as seen in Figure 4 the 
linear regression of Y on X exhibited a very high regression 
coefficient and was similar to the theoretical line of identify. 
There was no statistically difference between the slope of the 
experimentally determined regression and the theoretical value of 
1. 

human blood samples for potassium ion concentration. The 
individual values as determined by the NOVA Stat Profile-1 and by 
flame photometry are shown in Table 5. The mean potassium 
concentration as determined by the NOVA instrument was 4.31 
mmoles/l, while that determined by flame photometry was 4.46 
mmoles/l. There was no statistically difference between these 
two means. Figure 5 shows that for potassium concentration, the 
regression of Y on X again exhibited an extremely high regression 
coefficient, and was extremely similar to the theoretical value 
of 1. For potassium, there was no significant difference between 
the slope of the experimentally determined regression and the 
theoretical line of identity. 

samples for sodium ion concentration and Table 6 shows the 
i n d i v i d u a l  v a l u e s  d e t e r m i n e d  by t h e  NOVA S t a t  Profile-1 and by 
flame photometry. The mean value for sodium concentration as 
determined by the NOVA instrument was 142.4 mmoles/l, and that 
determined by flame photometry was 139.8 mmoles/l. There was no 
significant difference between these two means. From analyses of 
Figure 6 it is apparent that the regression of Y (ion selective 
electrode) on X (flame photometry) exhibited more "spread" about 
the regression line than in previous examples. This is 
illustrated by the fact that the linear regression coefficient, 
while moderately high, was less than in previous examples. 
However, when analyzing the data as illustrated in Figure 6, it 
must be considered that the values for sodium ion concentration 
did not vary greatly among the blood samples analyzed. Such 
absence of a wide variation would naturally cause the regression 
of Y on X to be small. For this reason, in the case of sodium 
concentration, it is probably more important to look at the 

The results of obtained in all blood samples for hematocrit 

Figure 5 show the results obtained from the total number of 

0 

Figure 6 shows results obtained in the total number of blood 
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than to consider the linear regression. When considering the 
difference in the two means, it is evident that the Stat Profile- 
1 did not provide results which were significantly different from 
those provided by flame photometry. 

concentration among the total number of blood samples obtained. 
Table 7 shows the individual values obtained using the NOVA Stat 
Profile-1 and the standard colorometric technique. In the case of 
calcium, it should be recalled that the colorometric technique 
provide values for total serum calcium, including ionized calcium 
and bound calcium, while ions selective electrode technology such 
as employed by the NOVA instrument provides values only for 
ionized calcium. With this in mind, it can be predicted that the 
values obtained by the NOVA instrument would be very near to 50% 
of those obtained by the colorometric technique. An examination 
of the means shows that the mean value as determined by the NOVA 
was 1.27 mmoles/l while that obtained by the colorometric 
technique was 2.41 mmoles/l. In other words, the NOVA values were 
approximately 52% of those determined by the colorometric 
technique. An examination of Figure 7 shows that the regression 
of Y on X exhibited only a moderately high regression 
coefficient, indicating a moderate spread of the values about the 
calculated regression line. As in the case of sodium, it is felt 
that this moderate spread about the regression line is partially 
due to the absence of a high variation in calcium ion 
concentration among the blood samples analyzed. It is also felt 
that this spread about the linear regression line is partially 
due to the fact that there is some variation in the percentage of 
serum calcium that is in the ionized form from individual to 
individual. Thus, the data indicating the validity of using ion 
selective electrodes for calcium ion determination is less 
conclusive than that for other data variables. However, based on 
the examination of mean values and on the established knowledge 
that approximately 50% of serum calcium is in the ionized form, 
it is felt that the data provide a reasonable indication that ion 
selective electrode technology as employed by the NOVA Stat 
Profile-1 provides a valid technique for calcium determination. 

Figure 8 shows data obtained for blood hemoglobin (Hbc) 
concentration in the total number of human blood samples 
analyzed. Table 8 shows the individual values obtained using the 
NOVA instrument and the Radiometer OSM-2 hemoximeter. Recall 
that the NOVA instrument calculates hemoglobin concentration from 
the measured value for hematocrit, while the OSM-2 directly 
measures hemoglobin concentration. The mean hemoglobin 
concentration as calculated by the NOVA instrument was 12.4 
grams/100 ml blood, while that measured by the hemoximeter was 
11.3 grams/100 ml blood. There was no statistically significant 
difference bewteen these 2 means. Furthermore, Figure 8 shows 
that the linear regression of Y on X exhibited a high regression 
coefficient and was very close to the theoretical line of 
identity. There was no siqnificant difference between the slope 

Figure 7 shows the results obtained by calcium ion 

of the experimentally deteimined regression line and the line of 0 20 



i d e n  t i  t y  . 
human b lood  samples f o r  oxygen s a t u r a t i o n  ( 0 2 S A T ) .  Table 9 shows 
i n d i v i d u a l  v a l u e s  f o r  oxygen  s a t u r a t i o n  a s  d e t e r m i n e d  by t h e  NOVA 
and by t h e  hemoximeter .  The NOVA i n s t r u m e n t  c a l c u l a t e s  oxygen 
s a t u r a t i o n  from measured  v a l u e s  o f  P02, w h i l e  t h e  hemoximeter  
d i r e c t l y  m e a s u r e s  oxygen s a t u r a t i o n .  Note t h a t  b o t h  t h e  NOVA and 
hemoximeter  g a v e  mean v a l u e s  o f  oxygen s a t u r a t i o n  o f  8 0 . 4 % .  
These  means were n o t  s t a t i s t i c a l l y  d i f f e r e n t .  Also n o t e  i n  
F i g u r e  9 t h a t  t h e  l i n e a r  r e g r e s s i o n  o f  Y on X showed a n  e x t r e m e l y  
h i g h  r e g r e s s i o n  c o e f f i c i e n t  and w a s  v e r y  c l o s e  t o  t h e  t h e o r e t i c a l  
l i n e  o f  i d e n t i t y .  T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be tween 
t h e  s lope  o f  t h e  r e g r e s s i o n  e x p e r i m e n t a l l y  d e t e r m i n e d  and t h e  
t h e o r e t i c a l  s l o p e  o f  1, 

F i g u r e  1 0  shows v a l u e s  d e t e r m i n e d  i n  t h e  t o t a l  number o f  
human b l o o d  samples f o r  oxygen c o n t e n t  ( 0 2 C T ) .  Table 1 0  shows 
i n d i v i d u a l  v a l u e s  d e t e r m i n e d  by t h e  NOVA i n s t r u m e n t  and 
c a l c u l a t e d  from t h e  v a l u e s  of hemoglobin  and hemoglobin  
s a t u r a t i o n  a s  measured  d i r e c t l y  w i t h  t h e  Radiometer  hemoximeter  , 
The mean v a l u e  c a l c u l a t e d  b y  t h e  NOVA i n s t r u m e n t  was 13.2 m1/100 
m l  b l o o d ,  w h i l e  t h a t  o b t a i n e d  from t h e  hemoximeter  was 11.9 
m1/100 m l  b l o o d .  T h e r e  was no s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  be tween  t h e s e  means.  F u r t h e r m o r e ,  i t  c a n  be s e e n  i n  
F i g u r e  1 0  t h a t  t h e  l i n e a r  r e g r e s s i o n  o f  Y on X e x h i b i t e d  a h i g h  
r e g r e s s i o n  c o e f f i c i e n t  and was v e r y  s i m i l a r  t o  t h e  t h e o r e t i c a l  
l i n e  o f  i d e n t i t y .  T h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e  be tween  
t h e  s lope  o f  t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  r e g r e s s i o n  l i n e  and 
t h e  t h e o r e t i c a l  l i n e .  

blood samples f o r  b i c a r b o n a t e  (HC03) c o n c e n t r a t i o n  i n  b l o o d .  
T a b l e  11 shows t h e  i n d i v i d u a l  v a l u e s  a s  c a l c u l a t e d  by  t h e  NOVA 
i n s t r u m e n t  and a s  c a l c u l a t e d  by  t h e  Corn ing  b l o o d  gas  machine .  
The mean v a l u e  c a l c u l a t e d  by t h e  NOVA was 22.9 mmoles/liter, 
w h i l e  t h a t  c a l c u l a t e d  b y  t h e  C o r n i n g  i n s t r u m e n t  was 21.8 
mmoles/ l i ter .  T h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  be tween t h e s e  
means. T h e  l i n e a r  r e g r e s s i o n  of  Y on X showed a h i g h  r e g r e s s i o n  
c o e f f i c i e n t ,  and t h e  s lope  of t h i s  e x p e r i m e n t a l l y  d e t e r m i n e d  
r e g r e s s i o n  w a s  n o t  d i f f e r e n t  f rom t h e  t h e o r e t i c a l  s l o p e  of 1. 

F i g u r e  9 shows t h e  r e s u l t s  o b t a i n e d  i n  t h e  t o t a l  number of 

F i g u r e  11 shows t h e  d a t a  o b t a i n e d  i n  t h e  t o t a l  number of 

( 2 )  S e l e c t i v e  A n a l y s e s  of  Human Blood from D i a l y s i s  U n i t .  F i f t y  
b lood  samples were a c q u i r e d  from t h e  Renal  D i a l y s i s  U n i t ;  25 O f  
t h e s e  samples were f r o m  p a t i e n t s  i m m e d i a t e l y  p r i o r  t o  d i a l y s i s  
w h i l e  25 were from t h o s e  same p a t i e n t s  i m m e d i a t e l y  f o l l o w i n g  
d i a l y s i s .  S i n c e  t h e  b l o o d  o b t a i n e d  from t h e s e  p a t i e n t s  p r o v i d e d  
v a l u e s  f o r  d a t a  v a r i a b l e s  which were, i n  many cases, f a r  
d i f f e r e n t  f rom v a l u e s  i n  normal  human s u b j e c t s ,  a n a l y s i s  of  t h e s e  
samples p r o v i d e d  a n  o p p o r t u n i t y  t o  assess t h e  v a l i d i t y  of  t h e  
NOVA S t a t  P r o f i l e - 1  i n  t h e  q u a n t i t a t i o n  o f  abnormal  v a l u e s  f o r  
d a t a  v a r i a b l s .  I n  a d d i t i o n ,  c o m p a r i s o n  o f  p r e d i a l y s i s  v e r s u s  
p o s t d i a l y s i s  d a t a  p r o v i d e d  some i n s i g h t  i n t o  p o s s i b l e  
i n t e r f e r e n c e  o f  l a r g e  c h a n g e s  i n  o n e  d a t a  v a r i a b l e  on t h e  a b i l i t y  
o f  t h e  S t a t  P r o f i l e - 1  t o  q u a n t i t a t e  a c c u r a t e l y  o t h e r  d a t a  0 2 1  



v a r i a b l e s .  Some o f  t h e  ma jo r  f e a t u r e s  w h i c h  become e v i d e n t  upon 
a n a l y s i s  o f  t h e  d i a l y s i s  d a t a  are a s  f o l l o w s :  

T a b l e  1 2  shows a l l  v a l u e s  f o r  PO2 d e t e r m i n e d  w i t h  t h e  NOVA 
i n s t r u m e n t  and w i t h  Corn ing  i n s t r u m e n t  b o t h  b e f o r e  d i a l y s i s  and 
a f t e r  d i a l y s i s .  The means + s t a n d a r d  e r r o r s  a re  a l s o  
i l l u s t r a t e d .  Blood from these p a t i e n t s  w a s  acquired from an 
a r t e r i a l  s h u n t ,  and t h e  v a l u e s  f o r  b lood  PO2 a r e ,  t h e r e f o r e ,  
h i g h .  Mean PO2 p r i o r  t o  d i a l y s i s  was 111.1 mmHg w i t h  t h e  NOVA 
i n s t r u m e n t  compared t o  112.9 mmHg w i t h  t h e  Corn ing  i n s t r u m e n t .  
T h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  these 2 means. A f t e r  
d i a l y s i s ,  mean PO2 w i t h  t h e  NOVA i n s t r u m e n t  w a s  105.0 mmHg 
compared t o  102.0 mmHg w i t h  t h e  Corn ing  i n s t r u m e n t .  These  2 
means were a l s o  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  D e s p i t e  t h e  f a c t  
t h a t  b l o o d  w a s  w e l l  oxygena ted  i n  these p a t i e n t s ,  t h e  oxygen- 
c a r r y i n g  c a p a c i t y  o f  b lood  was lower  t h a n  normal  d u e  t o  a reduced 
h e m a t o c r i t .  A r educed  h e m a t o c r i t  i n  p a t i e n t s  w i t h  r e n a l  d i s e a s e  
i s  e x p e c t e d  b e c a u s e  o f  t h e  d i m i n i s h e d  f o r m a t i o n  o f  t h e  hormone 
e r y t h r o p o e t i n  n o r m a l l y  formed by  t h e  h e a l t h y  k idney .  The mean 
h e m a t o c r i t s  o b s e r v e d  i n  t h e  d i a l y s i s  p a t i e n t s  is shown i n  Table 
13. Note t h a t  b e f o r e  d i a l y s i s ,  t h e  h e m a t o c r i t  a s  d e t e r m i n e d  b y  
t h e  NOVA i n s t r u m e n t  was 31.4%, w h i l e  t h a t  d e t e r m i n e d  by  t h e  
c e n t r i f u g a t i o n  t e c h n i q u e  w a s  2 8 . 8 % .  There w a s  no s i g n i f i c a n t  
d i f f e r e n c e  be tween these 2 means.  A f t e r  d i a l y s i s ,  t h e  h e m a t o c r i t  
showed an  i n c r e a s e  u s i n g  b o t h  methods  of d e t e r m i n a t i o n .  Thus 
w i t h  t h e  NOVA i n s t r u m e n t ,  t h e  p o s t  d i a l y s i s  h e m a t o c r i t  w a s  34.0%, 
w h i l e  t h a t  b y  t h e  c e n t r i f u g a t i o n  t e c h n i q u e  was 31.4%. T h e r e  was 
no s i g n i f i c a n t  d i f f e r e n c e  be tween t h e s e  2 means.  I t  i s  
n o t e w o r t h y  t h a t  b o t h  methods  o f  a n a l y s i s  showed a s imi la r  
i n c r e a s e  i n  hematocri t  when compar ing  t h e  p r e d i a l y s i s  t o  t h e  
p o s t  d i a l y s i s  v a l u e s .  T h i s  increase i n  h e m a t o c r i t  i s  l i k e l y  d u e  
t o  h e m o c o n c e n t r a t i o n  c a u s e d  by a r e d u c t i o n  i n  b l o o d  volume a f t e r  
d i a l y s i s .  Thus,  these d a t a  d e m o n s t r a t e  t h e  v a l u e  o f  h e m a t o c r i t  
measu remen t s  i n  p r o v i d i n g  a r e a d y  a s s e s s m e n t  o f  c h a n g e s  i n  b l o o d  
volume. A s s o c i a t e d  w i t h  t h e  r educed  h e m a t o c r i t  s e e n  i n  p a t i e n t s  
w i t h  r e n a l  disease, t h e  hemoglobin c o n c e n t r a t i o n  o f  b l o o d  was 
a l s o  reduced as shown i n  T a b l e  14. B e f o r e  dialysis, t h e  
hemoglobin c o n c e n t r a t i o n  a s  d e t e r m i n e d  by  t h e  NOVA w a s  10 .5  
grams/100 m l ,  w h i l e  t h a t  d e t e r m i n e d  by  t h e  hemoximeter  was 8.6 
grams/100 m l .  T h e r e  w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  these 2 
means. F u r t h e r m o r e ,  a s s o c i a t e d  w i t h  t h e  i n c r e a s e  i n  h e m a t o c r i t  
a f t e r  d i a l y s i s ,  there was an  i n c r e a s e  i n  hemoglobin c o n c e n t r a t i o n  
a f t e r  d i a l y s i s  a s  d e t e r m i n e d  b y  both  methods .  Thus,  a f t e r  
d i a l y s i s  t h e  hemoglobin c o n c e n t r a t i o n  a s  d e t e r m i n e d  by t h e  NOVA 
i n s t r u m e n t  w a s  11.3 grams/100 m l ,  w h i l e  t h a t  d e t e r m i n e d  by  t h e  
hemoximeter  w a s  9 .5  grams/100 m l .  There was no s i g n i f i c a n t  i n  
t h e s e  p o s t d i a l y s i s  means. Even though  t h e  oxygen c a r r y i n g  
c a p a c i t y  o f  b l o o d  i n  r e n a l  d i a l y s i s  p a t i e n t s  w a s  low, t h e  
a v a i l a b l e  hemoglobin  was w e l l  s a t u r a t e d  a s  i n d i c a t e d  i n  Table 15. 
Note t h a t  b o t h  b e f o r e  and a f t e r  d i a l y s i s  t h e  oxygen s a t u r a t i o n  o f  
b l o o d  w a s  n e a r l y  1 0 0 %  a s  d e t e r m i n e d  b y  b o t h  i n s t r u m e n t s .  There 
was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  s a t u r a t i o n  means be tween t h e  
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was h i g h  i n  t h e  d i a l y s i s  p a t i e n t s ,  and even  though hemoglobin was 
n e a r l y  1 0 0 %  s a t u r a t e d  i n  t h e s e  p a t i e n t s ,  t h e  low c o n c e n t r a t i o n  o f  
hemoglobin i n  t h e  r e n a l  d i s e a s e  p a t i e n t s  r e s u l t e d  i n  a r educed  
oxygen c o n t e n t  o f  b lood  a s  shown i n  T a b l e  16.  Note t h a t  b e f o r e  

1 4 . 1  m1/100 m l ,  w h i l e  t h a t  d e t e r m i n e d  by  t h e  hemoximeter  was 12.2 
m1/100 m l .  A f t e r  d i a l y s i s  t h e  oxygen c o n t e n t  a s  d e t e r m i n e d  by 
t h e  NOVA was 15.3 m1/100 m l ,  w h i l e  t h a t  d e t e r m i n e d  by  t h e  
hemoximeter  was 1 3 . 1  m1/100 m l .  The re  w a s  no s i g n i f i c a n t  
d i f f e r e n c e  i n  e i t h e r  o f  t h e  means a s  d e t e r m i n e d  b y  t h e  2 
t e c h n i q u e s .  

d i a l y s i s  p a t i e n t s  was w i t h  p o t a s s i u m  ion .  Table  1 7  shows v a l u e s  
f o r  p o t a s s i u m  i o n  c o n c e n t r a t i o n  b e f o r e  and a f t e r  d i a l y s i s  a s  
d e t e r m i n e d  w i t h  i o n - s e l e c t i v e  e l e c t r o d e  t e c h n o l o g y  u s i n g  t h e  NOVA 
and by f l a m e  pho tomet ry .  Note t h a t  t h e  p o t a s s i u m  i o n  
c o n c e n t r a t i o n  p r i o r  t o  d i a l y s i s  w a s  5.11 m m o l e s / l i t e r  a s  
d e t e r m i n e d  by t h e  NOVA and 5.31 mmoles/liter a s  d e t e r m i n e d  by  
f l a m e  photometry .  The re  was no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e s e  
means.  A f t e r  d i a l y s i s ,  t h e  p o t a s s i u m  c o n c e n t r a t i o n  was 
s u b s t a n t i a l l y  r educed .  Thus,  a f t e r  d i a l y s i s ,  t h e  p o t a s s i u m  
c o n c e n t r a t i o n  was 3.51 a s  d e t e r m i n e d  w i t h  t h e  NOVA and 3.66 a s  
d e t e r m i n e d  w i t h  f l ame  pho tomet ry .  T h e r e  w a s  no s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  p o s t d i a l y s i s  means,  a l t h o u g h  b o t h  t h e  NOVA and 
flame pho tomet ry  showed a s i g n i f i c a n t  r e d u c t i o n  i n  p o t a s s i u m  i n  
t h e  p o s t d i a l y s i s  s amples  compared t o  t h e  p r e d i a l y s i s  s amples .  
Even though p o t a s s i u m  was s i g n i f i c a n t l y  r educed  a f t e r  d i a l y s i s ,  
t h i s  r e d u c t i o n  i n  p o t a s s i u m  d i d  n o t  a f f e c t  t h e  a c c u r a c y  o f  t h e  
NOVA i n  d e t e r m i n a t i o n  o f  sodium c o n c e n t r a t i o n .  Table 1 8  shows 
v a l u e s  f o r  sodium c o n c e n t r a t i o n  d e t e r m i n e d  by  t h e  NOVA and by  
f l a m e  pho tomet ry  b o t h  b e f o r e  and a f t e r  d i a l y s i s .  A compar i son  o f  
t h e  means b o t h  b e f o r e  and a f t e r  d i a l y s i s  showed no s i g n i f i c a n t  
d i f f e r e n c e  be tween t h e  2 t e c h n i q u e s .  Table 1 9  shows v a l u e s  f o r  
c a l c i u m  c o n c e n t r a t i o n  d e t e r m i n e d  by  t h e  NOVA and by  a s t a n d a r d  
c o l o r o m e t r i c  t e c h n i q u e  b o t h  b e f o r e  and a f t e r  d i a l y s i s .  Note t h a t  
p r i o r  t o  d i a l y s i s ,  t h e  i o n i z e d  c a l c i u m  c o n c e n t r a t i o n  a s  
d e t e r m i n e d  by  t h e  NOVA i n s t r u m e n t  was 5 2 %  o f  t h e  t o t a l  c a l c i u m  a s  
d e t e r m i n e d  by  t h e  c o l o r o m e t r i c  t e c h n i q u e .  F o l l o w i n g  d i a l y s i s ,  
calcium c o n c e n t r a t i o n  showed a s l i g h t  i n c r e a s e  a s  measured  by 
b o t h  t e c h n i q u e s .  However, t h e  i o n i z e d  c a l c i u m  c o n c e n t r a t i o n  a s  
d e t e r m i n e d  by  t h e  NOVA was s t i l l  51% o f  t h a t  d e t e r m i n e d  by t h e  
c o l o r o m e t r i c  t e c h n i q u e .  F i n a l l y ,  Table  20 shows v a l u e s  f o r  pH 
b e f o r e  and a f t e r  d i a l y s i s  a s  d e t e r m i n e d  b y  t h e  NOVA i n s t r u m e n t  
and a s  d e t e r m i n e d  by t h e  Corn ing  Blood G a s  A n a l y z e r .  P r i o r  t o  
d i a l y s i s ,  t h e  pH a s  d e t e r m i n e d  by  t h e  NOVA w a s  7.310 and t h a t  
d e t e r m i n e d  by  t h e  Corn ing  w a s  7.323. T h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  b e t w e e n  t h e s e  2 means. A f t e r  d i a l y s i s ,  t h e  pH 
i n c r e a s e d  and showed a v a l u e  o f  7.353 by  t h e  NOVA i n s t r u m e n t  and 
7.355 by t h e  Corn ing  i n s t r u m e n t .  T h e r e  was no s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e s e  p o s t d i a l y s i s  means.  

I 
I d i a l y s i s  t h e  oxygen c o n c e n t r a t i o n  a s  d e t e r m i n e d  by  t h e  NOVA was 
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( 3 )  A n a l y s i s  o f  Normal Human Blood.  T a b l e  2 1  shows v a l u e s  
o b t a i n e d  from 1 4  normal  human v o l u n t e e r s  a s  measured w i t h  t h e  
NOVA S t a t  P r o f i l e - 1  and t h e  r e s p e c t i v e  Gold S t a n d a r d  t e c h n i q u e .  
I t  may be n o t e d ,  t h a t  w i t h  t h e  e x c e p t i o n  of c a l c i u m  
c o n c e n t r a t i o n ,  there w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  means 
f o r  any  d a t a  v a r i a b l e  a s  d e t e r m i n e d  by t h e  2 t e c h n i q u e s  ( P  < 
0.05)  . A s  e x p e c t e d ,  t h e  mean c a l c i u m  i o n  c o n c e n t r a t i o n  showed a 
s i g n i f i c a n t  d i f f e r e n c e  d u e  t o  t h e  f a c t  t h a t  i o n - s e l e c t i v e  
e l e c t r o d e  t e c h n o l o g y  measures i o n i z e d  c a l c i u m  c o n c e n t r a t i o n  o n l y ,  
w h i l e  t h e  s t a n d a r d  co lorometr ic  t e c h n i q u e  measures t o t a l  c a l c i u m ,  
i n c l u d i n g  i o n i z e d  and bound c a l c i u m .  

( 4 )  S t u d i e s  on  C a n i n e  Blood. F i f t y - s i x  samples o f  c a n i n e  b l o o d  
were a n a l y z e d .  These  v a l u e s  were compared t o  v a l u e s  o b t a i n e d  by 
s t a n d a r d  t e c h n i q u e s  w i t h  t h e  e x c e p t i o n  of t h e  b lood  c o n c e n t r a t i o n  
o f  t h e  i o n s  p o t a s s i u m ,  sodium,  and c a l c i u m .  C o n c e n t r a t i o n s  f o r  
these i o n s  were n o t  d e t e r m i n e d  b y  flame pho tomet ry  or 
c o l o r i m e t r y .  R e g r e s s i o n  a n a l y s e s  pe r fo rmed  f o r  a l l  o t h e r  d a t a  
v a r i a b l e s ,  compar ing  t h e  r e s u l t s  of t h e  NOVA S t a t  P r o f i l e - 1  t o  
s t a n d a r d  t e c h n i q u e s ,  y i e l d e d  r e s u l t s  s imi l a r  t o  t h o s e  o b t a i n e d  i n  
human blood samples. Thus,  f o r  P02, PC02,  pH, hematoc r i t ,  
hemoglobin  c o n c e n t r a t i o n ,  hemoglobin  s a t u r a t i o n ,  oxygen 
c o n c e n t r a t i o n ,  and b i c a r b o n a t e  c o n c e n t r a t i o n ,  t h e  s lope  of t h e  
r e g r e s s i o n s  of t h e  NOVA v a l u e s  on  t h e  s t a n d a r d  v a l u e s  was n o t  
s t a t i s t i c a l l y  d i f f e r e n t  from u n i t y .  Al though t h e  v a l u e s  f o r  
blood e l e c t r o l y t e s  were n o t  compared t o  a s t a n d a r d  t e c h n i q u e ,  t h e  
mean v a l u e s  o b t a i n e d  were s i m i l a r  t o  those  f o r  human blood. 
Thus ,  t h e  c o n c e n t r a t i o n s  f o r  sodium,  p o t a s s i u m  and c a l c i u m  i o n s  
were 150.2,  3.16, and 1 .25  mmoles/liter, r e s p e c t i v e l y .  

on  d o g s .  F i g u r e  1 2  shows c h a n g e s  i n  v a l u e s  f o r  blood gases  and 
pH i n  a s i n g l e  a n i m a l  when v e n t i l a t i o n  ra te  w a s  a t  a normal  v a l u e  
of 12 /minu te ,  when i t  was i n c r e a s e d  t o  18/minute  f o r  5 m i n u t e s  
and when i t  w a s  r e t u r n e d  t o  12 /minu te  f o r  5 m i n u t e s .  Note t h a t  
d u r i n g  h y p e r v e n t i l a t i o n  a r t e r i a l  b lood  PO2 b lood  e x h i b i t e d  a 
d e f i n i t i v e  i n c r e a s e  w h i l e  a r t e r i a l  and venous  PC02 e x h i b i t e d  a 
d e f i n i t i v e  r e d u c t i o n .  A r t e r i a l  and  venous  p H  a l s o  showed 
d e t e c t a b l e  i n c r e a s e s ,  i n d i c a t i n g  t h a t  t h e  b lood  became more 
a l k a l o t i c .  These r e s u l t s  a r e  those  expected w i t h  
h y p e r v e n t i l a t i o n .  A f t e r  5 min of r e c o v e r y ,  i t  c a n  a l s o  be n o t e d  
i n  F i g u r e  1 2  t h a t  blood g a s  and p H  v a l u e s  t ended  t o  r e t u r n  toward 
t h e  c o n t r o l  v a l u e s .  F i g u r e  13 shows v a l u e s  f o r  a r t e r i a l  and 
venous  e l e c t r o l y t e  c o n c e n t r a t i o n s  d u r i n g  h y p e r v e n t i l a t i o n  and 
r e c o v e r y .  I t  c a n  be s e e n  t h a t  there were no s u b s t a n t i a l  c h a n g e s  
i n  t h e  v a l u e  o f  a n y  e l e c t r o l y t e .  The r e s u l t s  shown i n  F i g u r e s  1 2  
and 1 3  t y p i f y  t h o s e  s e e n  i n  4 e x p e r i m e n t s  examining  t h e  effects  
o f  h y p e r v e n t i l a t i o n .  

F i g u r e  14 shows c h a n g e s  i n  a r t e r i a l  and venous  b l o o d  g a s e s  
and p H  a s  measured  w i t h  t h e  NOVA i n s t r u m e n t  d u r i n g  
h y p o v e n t i l a t i o n .  I n  t h i s  case v e n t i l a t i o n  ra te  w a s  reduced from 
a c o n t r o l  v a l u e  o f  12 /minu te  t o  G/minute f o r  5 m i n u t e s  and was 

I n t e r e s t i n g  r e s u l t s  were o b s e r v e d  i n  i n d i v i d u a l  e x p e r i m e n t s  
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wi thdrawn .  Note t h a t  d u r i n g  h y p o v e n t i l a t i o n ,  b o t h  a r t e r i a l  and 
venous  PO2 showed S u b s t a n t i a l  r e d u c t i o n s ,  w h i l e  a r t e r i a l  and 
venous  PC02 showed S u b s t a n t i a l  i n c r e a s e s .  Ar te r ia l  and venous  
b lood  p H  t e n d e d  t o  decrease. These  c h a n g e s  are those  which  would 
be expected d u r i n g  impaired o x y g e n a t i o n  o f  a r t e r i a l  b l o o d  
s e c o n d a r y  h y p o v e n t i l a t i o n .  Note t h a t  d u r i n g  t h e  r e c o v e r y  p e r i o d ,  
t h e  b l o o d  g a s  and p H  v a l u e s  t e n d e d  t o  r e t u r n  t o  t h e  c o n t r o l .  
F i g u r e  15  shows t h e  blood e l e c t r o l y t e  c h a n g e s  d u r i n g  
h y p o v e n t i l a t i o n  i n  t h i s  same a n i m a l .  Again ,  i t  may be n o t e d  t h a t  
there  were no S u b s t a n t i a l  c h a n g e s  i n  a n y  b lood  e l e c t r o l y t e  v a l u e .  
The  r e s u l t s  shown i n  F i g u r e s  14 and 1 5  t y p i f y  t h o s e  s e e n  i n  5 
e x p e r i m e n t s .  

F i g u r e  1 6  shows blood g a s  and pH v a l u e s  d e t e r m i n e d  i n  a 
r e p r e s e n t a t i v e  a n i m a l  d u r i n g  hypovolemia .  I n  t h i s  case blood was 
wi thdrawn from an  a n i m a l  u n t i l  mean a r t e r i a l  blood p r e s s u r e  f e l l  
t o  a v a l u e  o f  4 0  mmHg. The hemorrhage  v a l u e s  shown i n  F i g u r e  1 6  
a r e  from b lood  wi thdrawn 30 m i n u t e s  a f t e r  p r o d u c i n g  hypovolemic  
h y p o t e n s i o n .  Note t h a t  f o l l o w i n g  hemorrhage, a r t e r i a l  PO2 showed 
a S u b s t a n t i a l  i n c r e a s e  w h i l e  venous  PO2 d e c r e a s e d  d r a s t i c a l l y .  
The  i n c r e a s e  i n  a r t e r i a l  PO2 was l i k e l y  d u e  t o  i n c r e a s e d  
o x y g e n a t i o n  of a r t e r i a l  b l o o d  c a u s e d  b y  h y p e r v e n t i l a t i o n .  Thus ,  
t h e  i n c r e a s e  i n  venous  POC2 a l o n g  w i t h  a r e d u c t i o n  i n  pH a re  
known t o  s t i m u l a t e  t h e  r e s p i r a t o r y  c e n t e r  of t h e  b r a i n s t e m .  The 
r e d u c t i o n  i n  venous  PO2 is  l i k e l y  d u e  t o  t h e  impaired p e r f u s i o n  
of pe r iphe ra l  t i s s u e s .  T h i s  impaired p e r f u s i o n  r e d u c e s  oxygen 
t r a n s p o r t  t o  per iphera l  t i s s u e s  c a u s i n g  them t o  i n c r e a s e  oxygen 
e x t r a c t i o n  from t h e  a r t e r i a l  blood a s  i t  p e r f u s e s  t h e  t i s s u e s .  
C o n s e q u e n t l y ,  t h e  venous  blood shows a n  a b n o r m a l l y  low P02. Note 
a l s o  t h a t  a r t e r i a l  PC02 showed a d r a s t i c  r e d u c t i o n  w h i l e  venous  
PO2 showed a d r a s t i c  i n c r e a s e  f o l l o w i n g  hemorrhage .  Aga in ,  t h e  
r e d u c t i o n  i n  PC02 i n  a r t e r i a l  blood ref lects  a h y p e r v e n t i l a t i o n  
w h i l e  t h e  i n c r e a s e  i n  venous  PC02 ref lects  t h e  low p e r f u s i o n  of 
per iphera l  t i s s u e s .  The r e d u c e d  pH i n  a r t e r i a l  and v e n o u s  b l o o d ,  
a s  p o i n t e d  o u t  i n  s e c t i o n  I I A  above ,  r e f lec ts  t h e  f a c t  t h a t  w i t h  
t h e  low p e r f u s i o n  of p e r i p h e r a l  t i s s u e s ,  t h e s e  t i s s u e s  b e g i n  t o  
m e t a b o l i z e  a n a e r o b i c a l l y .  F i g u r e  17  shows b lood  e l e c t r o l y t e  
c h a n g e s  d u r i n g  hypovolemia  i n  t h i s  same an ima l .  The  most n o t a b l e  
f e a t u r e  is  t h a t  n e i t h e r  sodium n o r  c a l c i u m  showed S u b s t a n t i a l  
i n c r e a s e s  i n  c o n c e n t r a t i o n ,  b u t  a r t e r i a l  and venous  p o t a s s i u m  
l e v e l s  showed d r a s t i c  i n c r e a s e s .  A s  p o i n t e d  o u t  i n  S e c t i o n  I I A  
above ,  these i n c r e a s e s  i n  blood p o t a s s i u m  l e v e l  most l i k e l y  
re f lec t  a n  o x y g e n - d e f i c i e n c y  induced  f a i l u r e  o f  per iphera l  t i s s u e  
membrane mechanisms f o r  m a i n t a i n i n g  e x t r a c e l l u l a r  f l u i d  p o t a s s i u m  
l e v e l  l o w  w h i l e  m a i n t a i n i n g  i n t r a c e l l u l a r  p o t a s s i u m  l e v e l s  h i g h .  

I n  6 d o g s ,  l a r g e  a r t e r i a l  blood samples were o b t a i n e d ,  and 
a l i q u o t s  of these l a r g e  samples were a n a l y z e d  by  t h e  NOVA S t a t  
P r o f i l e - 1  4 t i m e s  c o n s e c u t i v e l y .  Table 22 shows t h e  r e s u l t s  of  
these a n a l y s e s .  Note t h a t  i n  each of t h e  6 blood samples, there 
was good a g r e e m e n t  i n  t h e  v a l u e s  f o r  a l l  d a t a  v a r i a b l e s  d u r i n g  
t h e  4 c o n s e c u t i v e  a n a l y s e s .  Thus,  o f  t h e  66 mean v a l u e s  shown i n  
Table 22,  there were o n l y  5 cases i n  which a d e t e r m i n e d  v a l u e  
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h e m a t o c r i t ,  2 cases were f o r  c a l c i u m ,  1 case was f o r  hemoglobin  
c o n c e n t r a t i o n ,  and 1 case w a s  f o r  oxygen c o n c e n t r a t i o n .  Thus ,  
t h e s e  r e s u l t s  i n d i c a t e  an  a c c e p t a b l e  l e v e l  o f  c o n s i s t e n c y  i n  d a t a  
v a r i a b l e  d e t e r m i n a t i o n  by  t h e  NOVA S t a t  P ro f i l e -1 .  0 
B, Experience with Performance and Maintenance of Prototype. 

I n  g e n e r a l ,  i t  c a n  be s t a t e d  t h a t  t h e  o p e r a t i o n  and 
m a i n t e n a n c e  of t h e  NOVA S t a t  P r o f i l e - 1  i s  r e l a t i v e l y  s i m p l e  and 
t r o u b l e - f r e e .  One m e m b e r  o f  o u r  i n v e s t i g a t i v e  team, S t u d e n t  
Doc to r  John  R. R a n d a l l ,  t o o k  a 2-day course  on  o p e r a t i o n  of t h e  
i n s t r u m e n t  o f f e r e d  by  NOVA Biomedical Company. Upon c o m p l e t i o n  
of t h i s  cou r se ,  i t  was found t o  be r e l a t i v e l y  s i m p l e  t o  i n s t r u c t  
o t h e r  t e c h n i c i a n s  and p e r s o n n e l  i n  t h e  m a i n t e n a n c e  and o p e r a t i o n  
o f  t h e  i n s t r u m e n t .  Wi thou t  d o u b t ,  t h e  i n s t r u m e n t  i s  much more 
s imple t o  opera te  and m a i n t a i n  t h a n  o t h e r  b l o o d  g a s  
i n s t r u m e n t a t i o n  or o t h e r  i n s t r u m e n t s  used  i n  o u r  l a b o r a t o r i e s  f o r  
blood c h e m i s t r y  a n a l y s i s .  S t e p - b y - s t e p  and e a s y - t o - f o l l o w  
i n s t r u c t i o n s  f o r  o p e r a t i o n  and m a i n t e n a n c e  of t h e  S t a t  P r o f i l e - 1  
i n s t r u m e n t  are p r e s e n t e d  i n  t h e  u s e r ' s  manual  accompanying t h e  
i n s t r u m e n t  (see Appendix)  . A summary of  m a i n t e n a n c e  p r o c e d u r e s  
which were e x p e r i e n c e d  i n  o u r  u s e  o f  t h e  i n s t r u m e n t  is a s  
fo l lows:  

T h e  r e a g e n t  pack i s  s t a t e d  t o  c o n t a i n  enough r e a g e n t  f o r  
a n a l y s i s  of 300 samples. I n  o u r  e x p e r i e n c e ,  t h i s  is a n  a c c u r a t e  
es t imate .  Dur ing  t h e  c o u r s e  o f  4 months  of  u s e  o f  t h e  i n s t r u m e n t  
i n  i ts  e v a l u a t i o n ,  t h e  r e a g e n t  pack was changed  o n l y  o n e  t i m e .  
Dur ing  t h i s  t i m e ,  o v e r  300  samples,  i n c l u d i n g  those  r e l e v a n t  t o  
t h e  c u r r e n t  work, were a n a l y z e d ,  The re  was no a p p a r e n t  problem 
w i t h  d e t e r i o r a t i o n  or c o n t a m i n a t i o n  of t h e  r e a g e n t s  d u r i n g  t h i s  
pe r iod ,  and t h e  r e s u l t s  p r o v i d e d  b y  t h e  i n s t r u m e n t  p roved  t o  be 
r e l i a b l e  and a c c u r a t e  t h r o u g h o u t  t h e  u s e  of o n e  r e a g e n t  pack .  

The i n s t r u m e n t  c o n t a i n s  a Waste-Reagent  H a r n e s s  which 
c o n s i s t s  of a s y s t e m  o f  t u b i n g  f o r  t h e  r e a g e n t s  and t h e  disposed 
waste. T h i s  h a r n e s s  r e q u i r e d  c h a n g i n g  one  t i m e  d u r i n g  t h e  c o u r s e  
of o u r  u s e  of t h e  i n s t r u m e n t .  The c h a n g i n g  procedure is a s i m p l e  
one  and is f a c i l i t a t e d  b y  t h e  d e s i g n  of t h e  i n s t r u m e n t .  

The PO2 and PC02 e l e c t r o d e s  c o n t a i n  membranes a t  t h e  
electrode t i p s  which r e q u i r e  p e r i o d i c  r e p l a c e m e n t .  A s  p a r t  of  
t h e  r o u t i n e  m a i n t e n a n c e ,  e a c h  o f  t h e s e  membranes w a s  changed  3 
t i m e s  d u r i n g  o u r  u s e  of t h e  i n s t r u m e n t .  The membrane r e p l a c e m e n t  
k i t s  p r o v i d e d  w i t h  t h e  i n s t r u m e n t  make  t h e  r e p l a c e m e n t  p r o c e d u r e  
a s imple o n e  e v e n  f o r  t h e  u n t r a i n e d  t e c h n i c i a n .  A f t e r  
r e p l a c e m e n t ,  t h e  membranes r e q u i r e  " c o n d i t i o n i n g "  w i t h  whole 
b lood  before u s e  of t h e  i n s t r u m e n t .  The e n t i r e  p r o c e d u r e  
n o r m a l l y  r e q u i r e s  a p p r o x i m a t e l y  30 m i n u t e s ,  

The i o n - s e l e c t i v e  electrodes f o r  sodium,  p o t a s s i u m ,  and 
c a l c i u m  h a v e  a f i n i t e  l i f e  s p a n .  Dur ing  t h e  c o u r s e  of o u r  u s e  o f  
t h e  i n s t r u m e n t ,  t h e  c a l c i u m  e l e c t r o d e  r e q u i r e d  r e p l a c i n g  twice, 
and t h e  potass ium electrode r e q u i r e d  r e p l a c i n g  once .  Replacement  
of t h e s e  e l e c t r o d e s  is a s i m p l e  " s n a p - o u t ,  snap - in"  p r o c e d u r e  
which r e q u i r e s  o n l y  a f e w  m i n u t e s  and c a n  be pe r fo rmed  w i t h  o n l y  

0 

0 26 



minimal  t r a i n i n g .  The d e s i g n  of t h e  i n s t r u m e n t  i s  s u c h  t h a t  a l l  
electrodes are  l o c a t e d  i n  a n  e a s i l y  accessible compar tment  on  t h e  
f r o n t  f a c e  o f  t h e  i n s t r u m e n t .  

O v e r a l l  o p e r a t i o n  of  t h e  NOVA S t a t  P r o f i l e - 1  i s  e x t r e m e l y  
s imple and is f a c i l i t a t e d  by  u s e r - f r i e n d l y  i n s t r u c t i o n s  d i s p l a y e d  
on a CRT s c r e e n .  The i n f o r m a t i o n  d i s p l a y e d  on t h i s  s c r e e n  n o t  
o n l y  p r o v i d e s  u s e r  i n s t r u c t i o n s  b u t  a l s o  a l e r t s  t h e  user o f  
e r r o r s  i n  t h e  sys t em.  Loading  o f  t h e  e l e c t r o d e  compar tment  w i t h  
sample f l u i d  is f a c i l i t a t e d  b y  an  i n l e t  p o r t  on t h e  f r o n t  face of  
t h e  i n s t r u m e n t .  F l u i d  is  a c t i v e l y  p u l l e d  t h r o u g h  t h i s  i n l e t  
p o r t .  I n  o u r  e x p e r i e n c e ,  blood was wi thdrawn from t h e  v a c u t a i n e r  
t o  a s y r i n g e  and loaded t h r o u g h  t h e  i n l e t  p o r t  f rom t h e  s y r i n g e .  
Only v e r y  r a r e l y  d i d  t h i s  p r o c e d u r e  c a u s e  a i r  b u b b l e s  t o  be 
loaded i n t o  t h e  electrode compar tment .  I n  t h e s e  f e w  cases, t h e  
CRT aler ted t h e  u s e r .  A l though  n o t  employed i n  o u r  e x p e r i e n c e ,  
c a p i l l a r y  blood ( f i n g e r  p u n c t u r e )  may be sampled w i t h  a c a p i l l a r y  
t u b e ,  and t h e  blood loaded i n t o  t h e  i n s t r u m e n t  from t h e  c a p i l l a r y  
t u b e .  T h i s  p r o c e d u r e  r e q u i r e s  a c a p i l l a r y  t u b e  a d a p t e r  which 
f i t s  t h e  t u b e  t o  t h e  i n l e t  p o r t  of  t h e  i n s t r u m e n t .  

t h e  NOVA S t a t  P r o f i l e - 1  a r e  e x t r e m e l y  s imple  and c a n  be 
a c c o m p l i s h e d  w i t h  a min ima l  t r a i n i n g .  

0 

I n  summary, o p e r a t i o n  and r o u t i n e  m a i n t e n a n c e  p r o c e d u r e s  on  
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1 TABLE 1 

ACC# 
201 
202 
203 
204 
205 
207 
208 
209 
210 
211 
212 
213 
215 
216 
217 
218 
219 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
319 
320 
321 
322 
323 
324 
325 
335 
336 
337 
338 
339 
340 
341 
342 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 
330 

TOTAL PO2 
NOVA CORNING 
27.9 27.6 
28.1 28.5 
73.5 69.4 
21.5 20.1 
34.9 32.8 
26.2 25.1 
57.7 62.1 
22.0 23.2 
27.0 24.8 
28.4 26.8 
21.1 21.9 
24.1 28.1 
24.0 23.2 
32.5 28.3 
68.3 63.9 
24.7 22.6 
36.3 37.0 

118.4 113.8 
126.4 119.3 
105.7 104.6 
111.4 113 . 3 
115.8 120.3 
120 . 1 116.5 
117.2 128.1 
113.0 113.6 
115.9 115. 8 
141.4 133 . 8 
95.4 104.3 

108 . 2 111.1 
102.8 105.4 
128.1 129 . 4 
90.1 88.5 
93.9 97.8 
90.6 91.9 

114 . 2 120.4 
136.9 132.8 
81.3 82.1 

111.2 122 . 7 
110.9 115.9 
111.4 118.4 
98.1 101.4 

118.0 122.0 
82.3 84.6 

124.4 127.7 
91.0 87.6 
88.1 87.3 
84.8 95.0 

106.0 114.7 
93.2 100 . 5 
81.2 84.7 

142.3 146.6 
132.9 134.4 
120 . 7 128 . 1 
103.8 97.1 

47 

A 
0.3 
0.4 
4.1 
1.4 
2.1 
1.1 
4.4 
1.2 
2.2 
1.6 
0.8 
4.0 
0.8 
4.2 
4.4 
2.1 
0.7 
4.6 
7.1 
1.1 
1.9 
4.5 
3.6 

10.9 
0.6 
0.1 
7.6 
8.9 
2.9 
2.6 
1.3 
1.6 
3.9 
1.3 
6.2 

0.8 
11.5 
5.0 
7.0 
3.3 
4.0 
2.3 
3.3 
3.4 
0.8 

10.2 
8.7 
7.3 
3.5 
4.3 
1.5 
7.4 
6.7 

4.1 



331 
332 
333 
334 
344 
347 
345 
348 
349 
350 
343 
401 
402 
403 
404 
405 
406 
407 
408 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 

TABLE 1 

113.3 
91.5 
91.2 
89.8 

114 . 2 
83.1 
91.9 
116.7 
97.5 
93.4 

112.7 
86.6 
81.4 

111.9 
49.6 
54.7 

113.7 
38.6 
34.4 
21.6 
16.7 
23.0 
31.1 
24.3 
37.1 
26.6 
29.9 
25.7 
34.2 
27.9 
40.9 
23.8 

(con'd) 

121.9 
98.9 
96.3 
92.5 

114 . 5 
82.9 
97.4 
114.5 
93.9 
94.6 

119 . 5 
83.9 
70.8 
115.7 
50.1 
51.5 

111.4 
36.1 
30.4 
22.5 
16.7 
20.7 
26.7 
21.2 
37.3 
26.1 
28.8 
24.6 
33.4 
26.7 
40.7 
24.9 

8.6 
7.4 
5.1 
2.7 
0.3 
0.2 
5.5 
2.2 
3.6 
1.2 
6.8 
2.7 

10.6 
3.8 
0.5 
3.2 
2.3 
2.5 
4.0 
0.9 
0.0 
2.3 
4.4 
3.1 
0.2 
0.5 
1.1 
1.1 
0.8 
1.2 
0.2 
1.1 

514 22.1 22.4 0.3 
MEAN 76.5 77.3 3.4 
S.E. 4.2 4.3 0.3 

4a 
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I 

ACC # 
201 
202 
203 
204 
205 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
319 
320 
321 
322 
232 
324 
325 
335 
336 
337 
338 
339 
340 
341 
342 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 

TABLE 2 

TOTAL PC02 
NOVA 
50.5 
52.6 
41.3 
61.7 
37.7 
45.4 
36.7 
49.7 
49.4 
52.8 
52.9 
43.2 
39.2 
50.4 
45.3 
38.6 
51.9 
49.1 
39.8 
40.4 
39.5 
38.7 
33.7 
39.3 
40.4 
34.0 
31.6 
41.2 
44.5 
37.0 
42.0 
40.0 
37.2 
37.1 
47.2 
39.4 
36.3 
38.4 
35.6 
38.0 
39.6 
40.0 
42.1 
43.3 
36.9 
35.6 
36.4 
29.8 
39.5 
40.4 
31.5 
26.0 
38.2 
39.5 

CORNING 
48.4 
50.0 
37.5 
56.1 
36.8 
42.3 
36.2 
43.2 
47.0 
47.4 
47.7 
39.8 
40.0 
45.9 
41.0 
33.5 
47.6 
44.4 
36.7 
37.8 
35.8 
35.8 
30.2 
37.8 
35.7 
31.0 
33.0 
38.1 
39.5 
34.4 
38.7 
37.7 
36.3 
34.0 
43.4 
36.3 
33.8 

32.9 
34.6 
37.0 
39.6 
38.6 
38.5 
34.1 
34.4 
33.7 
27.5 
40.9 
37.3 
30.8 
25.0 
35.2 
36.4 

37.6 

49 

A 
2.1 
2.6 
3.8 
5.6 
0.9 
3.1 
0.5 
6.5 
2.4 
5.4 
5.2 
3.4 
0.8 
4.5 
4.3 
5.1 
4.3 
4.7 
3.1 
2.6 
3.7 
2.9 
3.5 
1.5 
4.7 
3.0 
1.4 
3.1 
5.0 
2.6 
3.3 
2.3 
0.9 
3.1 
3.8 
3.1 
2.5 
0.8 
2.7 
3.4 
2.6 
0.4 
3.5 
4.8 
2.8 
1.2 
2.7 
2.3 
1.4 
3.1 
0.7 
1.0 
3.0 
3.1 



~~- 

TABLE 2 (con'd) 

329 
330 
331 
332 
333 
334 
344 
347 
345 
348 
349 
350 
346 
343 
401 
402 
403 
404 
405 
406 
407 
408 
409 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 

31.1 
39.8 
38.6 
35.9 
35.4 
43.9 
39.6 
35.9 
33.4 
30.8 
31.1 
41.2 
34.1 
29.8 
37.3 
39.0 
39.4 
35.8 
45.0 
34.4 
74.7 
44.9 
31.3 
52.5 
49.5 
56.1 
48.1 
53.0 
49.0 
53.7 
56.3 
61.3 
45.3 
55.1 
56.4 
57.0 

31.8 
36.1 
37.2 
34.5 
35.1 
39.6 
37.5 
33.0 
31.2 
30.4 
30.3 
38.1 
36.4 
29.8 
37.0 
33.1 
36.6 
33.4 
43.6 
35.9 
68.5 
45.8 
32.5 
48.8 
45.6 
52.5 
46.7 
50.9 
47.3 
50.9 
54.1 
59.2 
47.4 
53.2 
54.6 
55.1 

0.7 
3.7 
1.4 
1.4 
0.3 
4.3 
2.1 
2.9 
2.2 
0.4 
0.8 
3.1 
2.3 
0.0 
0.3 
5.9 
2.8 
2.4 
1.4 
1.5 
6.2 
0.9 
1.2 
3.7 
3.9 
3.6 
1.4 
2.1 
1.7 
2.8 
2.2 
2.1 
2.1 
1.9 
1.8 
1.9 

514 61.4 5 9 . 5  1.9 
MEAN 42.4 40.0 2.7 
S.E. 0.9 0.8 0.2 

50  
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ACC# 
201 
202 
203 
204 
205 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
319 
320 
321 
322 
323 
324 
325 
335 
336 
337 
338 
339 
340 
341 
342 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 

TABLE 3 

TOTAL pH 
NOVA 
7.343 
7.364 
7.394 
7.282 
7.420 
7.409 
7.397 
7.356 
7.354 
7.312 
7 . 354 
7.361 
7.351 
7.318 
7.384 
7.344 
7 . 262 
7.365 
7.335 
7.354 
7.278 
7.292 
7.291 
7.336 
7.292 
7.420 
7.435 
7.265 
7.326 
7.354 
7.273 
7.312 
7.292 
7.325 
7.310 

7.292 
7.292 
7.337 
7.201 
7.257 
7.290 
7.313 
7.336 
7.392 
7.334 
7.348 
7.292 
7.355 
7.334 
7 . 392 
7.435 
7.357 
7.330 

7 275 

CORNING 
7.306 

7.390 
7.250 
7.425 
7.390 
7.395 
7.339 
7.345 
7.339 
7.376 
7.357 
7.353 
7.320 
7.397 
7.350 
7.261 
7.366 
7.320 
7.350 
7.260 

7.290 
7.390 
7.316 
7.418 
7.456 
7.258 
7.342 
7.364 
7.263 
7 . 320 
7.289 
7.334 
7.294 
7,305 
7.334 
7.318 
7.360 
7.199 
7.306 
7.317 
7.365 
7.326 
7.399 
7.304 
7.352 
7.326 
7.365 
7.337 
7.397 
7.451 
7.370 
7.325 

7.352 

7.296 

5 1  

A 
0.037 
0.012 
0.004 
0.032 
0.005 
0.019 
0.002 
0.017 
0,009 
0.030 
0.020 
0.004 
0.002 
0.002 
0.010 
0.010 
0.001 
0.001 
0.015 
0.004 
0.018 
0.004 
0.001 
0.050 
0.020 
0.002 
0.020 
0.007 
0.020 
0.010 
0.010 
0.010 
0.003 
0.010 
0,016 
0.030 
0.042 
0.026 
0.023 
0.002 
0.049 
0 . 027 
0 . 052 
0.010 
0.007 
0.030 
0 . 004 
0.034 
0 . 010 
0.003 
0 . 005 
0.016 
0.013 
0.005 



~~~ 

329 
330 
331 
332 
333 
334 
344 
347 
345 
348 
349 
350 
346 
343 
401 
402 
403 
404 
405 
406 
407 
408 
409 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 

TABLE 3 (con'd) 

7.360 
7.320 
7.417 
7. 312 
7.352 
7.340 
7.339 
7.343 
7.299 
7 . 384 
7.296 
7.304 
7.415 
7.449 
7.394 
7.378 
7.434 
7.453 
7.443 
7.449 
7.288 
7 . 345 
7.463 
7.309 
7 . 315 
7.300 
7.317 
7.320 
7.334 
7.319 
7 . 301 
7.263 
7.349 
7.293 
7.286 
7.299 

7.346 
7.324 
7.452 
7.307 
7 . 350 
7.327 
7.345 
7.335 
7.299 
7.403 
7.263 
7.292 
7.403 
7.473 
7.397 
7.434 
7.412 
7.441 
7.456 
7.476 
7.307 
7 . 387 
7.479 
7.305 
7.317 
7.296 
7 . 329 
7.315 
7.328 
7.353 
7.301 
7.278 
7.385 
7.279 
7.317 
7.298 

~~ 

0.014 
0.004 
0.035 
0.005 
0.002 
0.013 
0.006 
0.008 
0.000 
0.019 
0.033 
0.012 
0 . 012 
0.024 
0.003 
0.056 
0.022 
0.012 
0.013 
0.027 
0,019 
0.042 
0.016 
0.004 
0.002 
0.004 
0 . 012 
0.005 
0.006 
0 . 034 
0 . 000 
0.015 
0.036 
0.014 
0.031 
0.001 

514 7.287 7.313 0 . 026 
MEAN 7.339 7.346 0.016 
S.E. 0.005 0.006 0.001 
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ACC# 
201 
202 
203 
204 
205 
207 
208 
209 
210 
211 
212 
213 
215 
216 
218 
219 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
320 
321 
322 
323 
324 
325 
335 
336 
337 
338 
339 
340 
341 
342 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 
329 
330 
331 

TABLE 4 

TOTAL H c t  
NOVA 

45 
49 
45 
48 
41 
44 
40 
45 
44 
43 
42 
47 
49 
45 
46 
41 
32 
26 
45 
31 
25 
23 
30 
28 
28 
28 
26 
32 
30 
33 
40 
43 
26 
28 
23 
28 
42 
30 
24 
25 
31 
31 
58 
32 
29 
28 
31 
30 
27 
32 
37 
27 
46 
33 

5 3  

SPIN 
38 
42 
43 
45 
42 
44 
45 
46 
43 
43 
42 
45 
49 
42 
47 
40 
24 
24 
45 
28 
21 
20 
29 
27 
22 
26 
24 
33 
30 
30 
34 
38 
26 
28 
21 
28 
44 
30 
23 
23 
28 
26 
56 
30 
24 
23 
30 
28 
29 
30 
37 
24 
37 
31 

A 
7 
7 
2 
3 
1 
0 
5 
1 
1 
0 
0 
2 
0 
3 
1 
1 
8 
2 
0 
3 
4 
3 
1 
1 
6 
2 
2 
1 
0 
3 
6 
5 
0 
0 
2 
0 
2 
0 
1 
2 
3 
5 
2 
2 
5 
5 
1 
2 
2 
2 
0 
3 
9 
2 



TABLE 4 (con'd) 

332 
333 
334 
344 
347 
345 
348 
349 
350 
346 
343 
401 
402 
403 
404 
405 
406 
407 
408 
409 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 

MEAN 
S.E. 

33 
33 
45 
28 
36 
27 
31 
57 
31 
30 
27 
41 
28 
40 
41 
37 
37 
54 
38 
35 
45 
40 
47 
42 
47 
43 
42 
44 
41 
49 
45 
43 
43 
47 

37.03 
0.90 

32 
31 
43 
26 
36 
24 
30 
57 
30 
20 
24 
42 
25 
41 
43 
36 
37 
53 
38 
36 
45 
40 
48 
43 
49 
44 
43 
46 
41 
50 
47 
46 
44 
47 

35.73 
1-00 

1 
2 
2 
2 
0 
3 
1 
0 
1 

10 
3 
1 
3 
1 
2 
1 
0 
1 
0 
1 
0 
0 
1 
1 
2 
1 
1 
2 
0 
1 
2 
3 
1 
0 
2.06 
0.22 
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TABLE 5 

TOTAL K+ 
ACC# 
201 
202 
204 
205 
207 
209 
211 
212 
213 
215 
216 
218 
219 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
319 
320 
321 
322 
323 
324 
325 
335 
336 
337 
338 
339 
340 
341 
342 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 
329 
330 
331 
332 
333 

NOVA 
4.87 
3.61 
4.68 
3.77 
4.55 
4.47 
3.61 
4.49 
5.03 
4.78 
3.47 
4.49 
4.21 
5.76 
5.50 
4.85 
4.81 
5.67 
4.77 
4.83 
5.36 
4.45 
4.68 
5.29 
4.24 
4.77 
4.80 
5.97 
4.73 
4.25 
4.29 
5.46 
6.09 
5.44 
6.01 
4.50 
6.05 
5.07 
3.56 
3.53 
3.80 
3.69 
3,51 
3.27 
3.66 
3.03 
3.05 
3.42 
3.55 
2.99 
3.59 
3.43 
3.87 
3.35 

FLAME 
4.40 
3.75 
5.10 
3.90 
4.30 
4.80 
3.90 
4.80 
4.80 
5.10 
3.90 
4.80 
4.40 
5.95 
5.70 
5.15 
5.00 
5.80 
5.10 
4.95 
5.35 
4.50 
4.70 
5.60 
4.30 
5.00 
5.00 
6.00 
4.80 
4.30 
4.50 
5.80 
6.50 
5.90 
6.30 
4.70 
6.40 
5.40 
3.70 
3.70 
4.00 
3.80 
3.80 
3.60 
3.90 
3.10 
3.10 
3.50 
3.80 
3.00 
3.50 

3.90 
3.50 

3.70 

A 
0.47 
0.14 
0.42 
0.13 
0.25 
0.33 
0.29 
0.31 
0.23 
0.32 
0.43 
0.31 
0.19 
0.19 
0.20 
0.30 
0.19 
0.13 
0.33 
0.12 
0.01 
0.05 
0*02 
0.31 
0.06 
0.23 
0.20 
0.03 
0.07 
0.05 
0.21 
0.34 
0.41 
0.46 
0.29 
0.20 
0.35 
0.33 
0.14 
0.17 
0.20 
0.11 
0.29 
0.33 
0.24 
0.07 
0.05 
0.08 
0.25 
0.01 
0.09 
0.27 
0.03 
0.15 
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~ 

334 
344 
347 
345 
348 
349 
350 
346 
343 
402 
404 
405 
406 
407 
408 
409 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 

TABLE 5 (con'd) 

3.57 
3.31 
3.58 
3.69 
3.24 
4.04 
3.63 
3.87 
3.57 
3.84 
4.03 
2.85 
3.88 
5.04 
4.90 
4.96 
4.07 
4.61 
5.04 
4.01 
4.51 
3.90 
4.50 
4.66 
4.46 
4.13 
4.22 
4.50 
4.07 

3.40 
3.50 
3.80 
4.00 
3.40 
4.20 
3.80 
4.10 
3.80 
3.80 
3.80 
3.00 
3.80 
5.20 
5.20 
5.50 
4.20 
4.30 
4.60 
3.90 
4.30 
4.30 
4.40 
4.70 
3.90 
4.60 
4.70 
4.50 
4.40 

0.17 
0.19 
0.22 
0.31 
0.16 
0.16 
0.17 
0.23 
0.23 
0.04 
0.23 
0.15 
0.08 
0.16 
0.30 
0.54 
0.13 
0.31 
0.44 
0.11 
0.21 
0.40 
0.10 
0.04 
0.56 
0.47 
0.48 
0.00 
0.33 

514 4.66 4.90 0.24 
MEAN 4.31 4.46 0.22 
S.E. 0.09 0.09 0.01 
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ACC# 
201 
202 
204 
205 
207 
209 
210 
211 
212 
213 
215 
216 
218 
219 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
319 
320 
321 
322 
323 
324 
325 
335 
336 
337 
338 
339 
340 
341 
342 
309 
310 
311 
312 
313 
314 
315 
316 
326 
328 
329 
330 
331 
333 
344 

~ ~- 

TABLE 6 

TOTAL Na+ 
NOVA 
146.5 
142.8 
147 . 1 
137 . 3 
140.5 
143.0 
139.9 
142.5 
144.1 
137.3 
147.2 
144.0 
146 . 0 
133.1 
140.6 
144.3 
142.1 
145.0 
134.7 
143.7 
142 . 8 
139.0 
143.5 
142.5 
137.8 
134.7 
139 . 4 
147.8 
134.6 
144.0 
142.4 
141.9 
142.2 
139.9 
139 . 6 
142.2 
144.3 
143.8 
142.7 
142.6 
142.6 
144.0 
144.1 
141.6 
143.2 
141.8 
141.9 
142.3 
142.4 
138.5 
144.6 
144.3 
144.3 
141.3 

FLAME 
142.6 
142.8 
145.1 
134.0 
140.0 
141.0 

, 141.0 
148.0 
148.0 
127.0 
145 . 0 
137.0 
146.0 
135.0 
138 . 0 
142.0 
139 . 0 
141.5 
132.5 
140.5 
138.5 
137.5 
142.0 
140.0 
133.0 
132.0 
136.0 
144.0 

140.0 
136.0 
142.0 
142.0 
140.0 
141.0 
140.0 
142.0 
145.0 
141.0 
140.0 
141.0 
138.0 
140.0 
137.0 
139.0 

139.0 
139.0 

135.0 
138.0 
140.0 
140.0 
138.0 

130 0 

138.0 

138 0 
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~~ ~~~~~ 

A 
3.9 
0.0 
2.0 
3.3 
0.5 
2.0 
1.1 
5.5 
3.9 

10.3 
2.2 
7.0 
0.0 
1.9 
2.6 
2.3 
3.1 
3.5 
2.2 
3.2 
4.3 
1.5 
1.5 
2.5 
4.8 
2.7 
3.4 
3.8 
4.6 
4.0 
6.4 
0.1 
0.2 
0.1 
1.4 
2.2 
2.3 
1.2 
1.7 
2.6 
1.6 
6.0 
4.1 
4.6 
4.2 
3.8 
2.9 
3.3 
4.4 
3.5 
6.6 
4.3 
4.3 
3.3 

I 



' 0  
347 
345 
348 
350 
346 
343 
402 
404 
405 
406 
407 
408 
409 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 

~~~ 

TABLE 6 (con'd) 

144 6 
143.4 
141.5 
145-9 
143.4 
140.1 
135-2 
139.9 
140-4 
141.0 
144.0 
145.8 
138 . 8 
143.7 
144.2 
144.4 
143.2 
146.1 
146.0 
144.9 
145.9 
145.4 
144.6 
146.5 
145 . 0 
146.2 

140-0 
141.0 
138.0 
140-0 
141.0 
138-0 
137.0 
137-0 
138-0 
136.0 
145.0 
146.0 
139.0 
142.0 
141-0 
141.0 
140-0 
143.0 
147.0 
142.0 
141.0 
141.0 
140 . 0 
141.0 
143.0 
145.0 

~ 

4.6 
2-4 
3.5 
5.9 
2.4 
2.1 
1.8 
2-9 
2.4 
5.0 
1.0 
0.2 
0.2 
1.7 
3.2 
3.4 
3.2 
3.1 
1.0 
2.9 
4.9 
4.4 
4.6 
5.5 
2.0 
1.2 

514 138 . 6 135.0 3.6 
MEAN 142.4 139 . 8 3.1 
S.E. 0-3 0.4 0.2 



TABLE 7 

TOTAL Ca++ 
ACC # 
201 
202 
204 
205 
207 
209 
210 
211 
212 
213 
215 
216 
218 
219 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
319 
320 
321 
322 
323 
324 
325 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 
329 
330 
331 
332 
333 
334 
402 
404 
405 
406 
407 
408 

NOVA 
1.20 
1.19 
1.26 
1.11 
1.22 
1.24 
1.25 
1.25 
1.46 
1.28 
1.34 
1.26 
1.30 
1.22 
1.26 
1.17 
1.20 
1.22 
0.99 
1.15 
1.30 
1.08 
1.29 
1.24 
1.14 
1.07 
1.17 
1.24 
1.31 
1.10 
1.16 
1.35 
1.33 
1.39 
1.31 
1.27 
1.31 
1.35 
1.23 
1.42 
1.28 
1.38 
1.29 
1.36 
1.32 
1.40 
1.27 
1.31 
1.13 
1.10 
1.19 
1.17 
1.24 
1.28 

COLOR 
2.23 
2.40 
2.55 
2.18 
2.33 
2.40 
2.40 
2.18 
2.76 
2.18 
2.40 
2.40 
2.43 
2.30 
2.45 
2.40 
2.45 
2.40 
2.00 
2.33 
2.43 
2.03 
2.63 
2.28 
2.23 
2.13 
2.20 
2.40 
2.65 
2.18 
2.30 
2.55 
2.70 
3.05 
2.63 
2.48 
2.55 
2.58 
2.25 
2.68 
2.55 
2.58 
2.35 
2.80 
2.70 
2.70 
2.40 
2.60 
1.95 
2.10 
2.52 
2.30 
2.45 
2.30 

A 
1.03 
1.21 
1.29 
1.07 
1.11 
1.16 
1.15 
0.93 
1.30 
0.90 
1.06 
1.14 
1.13 
1.08 
1.19 
1.23 
1.25 
1.18 
1.01 
1.18 
1.13 
0.95 
1.34 
1.04 
1.09 
1.06 
1.03 
1.16 
1.34 
1.08 
1.14 
1.20 
1.37 
1.66 
1.32 
1.21 
1.24 
1.23 
1.02 
1.26 
1.27 
1.20 
1.06 
1.44 
1.38 
1.30 
1.13 
1.29 
0.82 
1.00 
1.33 
1.13 
1.21 
1.02 

59 



TABLE 7 (con'd) 

I 

. - 

409 1-05 2-20 1-15 
501 1-43 2.32 0.89 
502 1.41 2-38 0.97 
503 1-44 2.36 0-92 
504 1.34 2.36 1.02 
505 1.39 2.38 0.99 

508 1.41 -2-40 0.99 
509 1.41 2.40 0-99 

511 1.33 2-32 0.99 

513 1-40 2.50 1-10 
514 *cJ 2 

MEAN 1.27 2.41 1.14 
0.02 0.02 S.E. 0.01 

506 1.39 2.46 1.07 
507 1.39 2-42 1.03 

510 1-36 2.52 1-16 

512 1-39 2.46 1.07 
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I 

ACC# 
201 
202 
203 
204 
205 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
218 
219 
301 

303 
304 
305 
306 
307 
308 
317 
318 
320 
321 
322 
323 
324 
325 
335 
336 
337 
338 
339 
340 
341 
342 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 
329 
330 

TABLE 8 

TOTAL Hbc 

61 

NOVA 
15.0 
16.5 
15.0 
14.6 
13.8 
14.7 
13.5 
14.9 
14.6 
14.2 
14.1 
15.7 
14.9 
16.2 
14.9 
15.2 
13.7 
10.6 
8.8 
14.9 
10.2 
8.3 
7.7 
10.1 
9.4 
9.3 
9.2 
8.7 

10.7 
10.1 
11.1 
13.3 
14.4 
8.8 
9.2 
7.8 
9.4 
13.9 
9.9 
8.1 
8.2 
10.4 
10.3 
19.2 
10.5 
9.8 
9.2 

10.4 
9.9 
9.1 

10.6 
12.4 
8.9 

15.5 

OSM2 
13.9 
15.9 
13.0 
14.6 
13.3 
14.8 
12.7 
15.1 
14.1 
13.6 
13.5 
13.8 
15.6 
16.2 
14.0 
14.1 
12.7 
7.9 
7.7 
13.4 
9.4 
6.7 
6.6 
8.9 
8.4 
7.8 
8.1 
7.3 
8.8 
9.1 
9.6 
9.5 

12.5 
8.1 
5.4 
6.5 
8.9 

13.0 
9.6 
7.2 
6.8 
8.2 
8.5 

16.4 
9.9 
8.0 
6.9 
9.2 
8.4 
7.5 
9.1 
12.1 
7.3 
11.6 

A 
1.1 
0.6 
2.0 
0.0 
0.5 
0.1 
0.8 
0.2 
0.5 
0.6 
0.6 
1.9 
0.7 
0.0 
0.9 
1.1 
1.0 
2.7 
1.1 
1.5 
0.8 
1.6 
1.1 
1.2 
1.0 
1.5 
1.1 
1.4 
1.9 
1.0 
1.5 
3.8 
1.9 
0.7 
3.8 
1.3 
0.5 
0.9 
0.3 
0.9 
1.4 
2.2 
1.8 
2.8 
0.6 
1.8 
2.3 
1.2 
1.5 
1.6 
1.5 
0.3 
1.6 
3.9 

. 



331 
332 
333 
334 
344 
347 
345 
348 
349 
350 
346 
343 
401 
402 
403 
404 
405 
406 
407 
408 
409 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 

TABLE 8 (con'd) 

10.9 
11.1 
10.9 
15.2 
9.3 

11.9 
9.0 
10.4 
19.1 
10.4 
10.0 
8.9 

13.6 
9.4 

13.4 
13.6 
12.5 
12.4 
18.1 
12.7 
11.7 
14.8 
13.3 
15.7 
14.1 
15.7 
14.5 
14.1 
14.6 
13.5 
16.4 
15.0 
14.4 
14.4 

9.7 
9.6 
9.3 
13.7 
8.2 
8.0 
7.5 
9.0 
16.8 
9.1 
7.5 
6.8 

13.6 
8.1 

12.1 
12.5 
10.5 
11.4 
15.8 
12.0 
10.8 
14.4 
12.7 
15.6 
14.1 
15.6 
14.3 
15.1 
15.2 
14.5 
17.2 
15.0 
15.1 
15.0 

1.2 
1.5 
1.6 
1.5 
1.1 
3.9 
1.5 
1.4 
2.3 
1.3 
2.5 
2.1 
0.0 
1.3 
1.3 
1.1 
2.0 
1.0 
2.3 
0.7 
0.9 
0.4 
0.6 
0.1 
0.0 
0.1 
0.2 
1.0 
0.6 
1.0 
0.8 
0.0 
0.7 
0.6 

514 15.6 16.0 0.4 
MEAN 12.4 11.3 1.2 
S.E. 0.3 0.3 0.1 
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TABLE 9 

TOTAL 0 2 S a t  
ACC# 
2 0 1  
202 
203 
204 
205 
207 
208 
209 
210 
2 1 1  
212 
213 
215 
216 
218 
219 
3 0 1  
302 
303 
304 
305  
306 
307  
308 
317 
318 
319 
320 
3 2 1  
322 
323 
324 
325 
335 
336 
337 
338 
339 
340 
3 4 1  
342 
309 
310 
3 1 1  
312  
313 
314 
315 
316 
326 
327 
328 
329 
330 

NOVA 
50.3 
50.6 
94.5 
28.2 
68.6 
48.3 
89.7 
34.0 
46.4 
46.8 
31.3 
40.2 
37.1 
61.0 
35.5 
66.6 
98.4 
98.7 
97.3 
97.8 
98.1 
98.6 
98.1 
98.6 
98.7 
98.8 
96.8 
98.0 
97.0 
98.6 
96.0 
96.7 
96.1 

98.8 

98.1 
97.1 
97.5 
96.8 
98.2 
95.2 
98.8 
96.5 
96.3 
95.3 
97.9 
96.7 
96.0 
99.3 
98.9 
98.4 
99.4 
97.5 

97.8 

94.6 

OSM2 
50.1 
49.6 
97.6 
25.4 
67.4 
45.8 
96.5 
50.6 
47.8 
42.5 
33.2 
36.1 
30.1 
56.3 
32.0 
69.0 
99.5 

100.0 
99.7 

100.0 
96.2 
98.9 
98.6 

100.0 
100 . 0 
100.0 
100.0 

99.7 
99.4 

100.0 
96.3 
99.8 
99.2 
97.9 

100.0 
91.2 
98.4 
97.6 

100.0 
99.6 

100 . 0 
99.1 

100.0 
97.3 
98.1 
95.5 
99.0 
98.0 
96.4 

100.0 
100  . 0 
100.0 

98.4 
99.8 

A 
0.2 
1.0 
3.1 
2.8 
1.2 
2.5 
6.8 

16.6 
1.4 
4.3 
1.9 
4.1 
7.0 
4.7 
3.5 
2.4 
1.1 
1.3 
2.4 
2.2 
1.9 
0.3 
0.5 
1.4 
1.3 
1.2 
3.2 
1.7 
2.4 
1.4 
0.3 
3.1 
3.1 
0.1 
1.2 
3.4 
0.3 
0.5 
2.5 
2.8 
1.8 
3.9 
1.2 
0.8 
1.8 
0.2 
1.1 
1.3 
0.4 
0.7 
1.1 
1.6 
1.0 
2.3 
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331 
332 
333 
334 
344 
347 
345 
348 
349 
350 
346 
343 
401 
402 
403 
404 
405 
406 
407 
408 
409 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 

TABLE 9 (con'd) 

98.5 
96.4 
96.7 
96.3 
98.2 

96.3 
98.6 
96.9 
96.4 
99.4 
98.7 
96.6 
95.7 
98.5 
86.7 
88.9 

63.6 

95.6 

98.7 

62.5 
96.7 
30.4 
19.9 
33.0 
53.6 

66.2 
43.0 
49.2 
37.1 
62.2 
44.5 
68.7 

37.6 

99.3 
98.5 
99.5 

100.0 
99.8 
95.8 
95.2 
98.6 
97.3 
98.7 

100 . 0 
100.0 
96.9 
95.6 

100 . 0 
93.5 
89.1 
98.6 
62.8 
54.5 
96.7 
33.8 
17.5 
35.6 
54.6 
38.5 
67.9 
45.0 
37.5 
40.2 
64.1 
45.9 
69.1 

0.8 
2.1 
2.8 
3.7 
1.6 
0.2 
1.1 
0.0 
0.4 
2.3 
0.6 
1.3 
0.3 
0.1 
1.5 
6.8 
0.2 
0.1 
0.8 
8.0 
0.0 
3.4 
2.4 
2.6 
1.0 
0.9 
1.7 
2.0 

11.7 
3.1 
1.9 
1.4 
0.4 

513 35.0 34.7 0.3 
MEAN 80.4 80.4 2.2 
S.E. 2.7 2.7 0.3 
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TABLE 10 

ACC# 
201 
202 
203 
204 
205 
207 
208 
209 
210 
211 
212 
213 
215 
216 
218 
219 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
319 
320 
321 
322 
323 
324 
325 
335 
336 
337 
338 
339 
340 
341 
342 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 
329 
330 

TOTAL 02Ct 
NOVA OSM2 
10.4 9.7 
11.5 11.0 
19.6 17.6 
5.7 5.2 

13.1 12.5 
9.9 9.4 

16.7 17.1 
7.0 10.7 
9.4 9.4 
9.2 8.1 
6.1 6.2 
8.7 6.9 
8.3 6.8 

12.6 10.9 
7.5 6.3 

12.6 12.2 
14.4 10.9 
12.1 10.7 
20.2 18.6 
13.8 13.1 
11.3 8.0 
10.5 9.1 
13.7 12.2 
12.8 11.7 
12.7 10.8 
12.5 11.3 
26.2 20.1 
11.8 10.1 
14.3 12.2 
13.9 12.6 
14.8 12.9 
17.9 13.2 
19.2 17.2 
11.9 11.0 
12.6 7.5 
10.2 8.2 
12.7 12.2 
18.8 17.6 
13.3 13.3 
10.9 10.0 
11.1 9.5 
13.7 11.3 
14.1 12.1 
25.7 22.2 
14.1 13.5 
12.9 10.6 
12.5 9.5 
14.0 12.5 
13.2 11.3 
12.5 10.4 
14.5 13.5 
16.9 16.8 
12.2 10.0 
20.9 16.1 
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A 
0.7 
0.5 
2.0 
0.5 
0.6 
0.5 
0.4 
3.7 
0.0 
1.1 
0.1 
1.8 
1.5 
1.7 
1.2 
0.4 
3.5 
1.4 
1.6 
0.7 
3.3 
1.4 
1.5 
1.1 
1.9 
1.2 
6.1 
1.7 
2.1 
1.3 
1.9 
4.7 
2.0 
0.9 
5.1 
2.0 
0.5 
1.2 
0.0 
0.9 
1.6 
2.4 
2.0 
3.5 
0.6 
2.3 
3.0 
1.5 
1.9 
2.1 
1.0 
0.1 
2.2 
4.8 



331 
332 
333 
334 
344 
347 
345 
348 
349 
350 
346 
343 
401 
402 
403 
404 
405 
406 
407 
408 
409 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 

TABLE 10 (con'd) 

14.9 
14.8 
14.5 
20.3 
12.7 
15.8 
12.1 
14.2 
25.7 
13.9 
13.8 
12.2 
18.2 
12.5 
18.2 
16.3 
15.4 
17.0 
15.9 
11.0 
15.7 
6.2 
3.6 
7.1 

10.5 
8.2 

13.3 
8.4 
10.0 
6.9 

14.1 
9.2 

13.7 

13.4 
13.1 
12.9 
19.0 
11.4 
10.7 
9.9 

12.3 
22.7 
12.5 
10.6 
9.5 
18.7 
10.8 
16.8 
16.3 
13.0 
15.4 
13.8 
9.2 

14.6 
6.8 
3.2 
7.8 
11.0 
8.5 

13.5 
9.4 
8.0 
8.1 

15.3 
9.6 
14.5 

1.5 
1.7 
1.6 
1.3 
1.3 
5.1 
2.2 
1.9 
3.0 
1.4 
3.2 
2.7 
0.5 
1.7 
1.4 
0.0 
2.4 
1.6 
2.1 
1.8 
1.1 
0.6 
0.4 
0.7 
0.5 
0.3 
0.2 
1.0 
2.0 
1.2 
1.2 
0.4 
0.8 

513 6.9 7.3 0.4 
MEAN 13.2 11.9 1.6 
S.E. 0.4 0.4 0.1 
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TABLE 11 

ACC# 
201 
202 
203 
204 , 
205 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
319 
320 
321 
322 
323 
324 
325 
335 
336 
337 
338 
339 
340 
341 
342 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 

TOTAL HC03 
NOVA CORNING 
27.7 24.1 
30.2 27.6 
25.4 21.4 
29.3 24.5 
24.6 24.1 
28.8 25.5 
22.7 22.1 
28.0 23.2 
27.7 25.6 
26.8 25.5 
29.6 27.9 
24.6 22.3 
21.8 22.2 
26.0 23.6 
27.2 25.1 
21.1 18.5 
23.6 21.4 
28.2 25.3 
21.4 18.9 
22.6 20.9 
18.6 16.0 
18.8 17.4 
16.4 14.7 
22.6 22.8 
19.7 18.2 
22.2 20.0 
21.4 23.2 
18.8 17.0 
23.4 21.4 
20.7 19.5 
19.5 17.5 
20.4 19.4 
18.1 17.4 
19.5 18.0 
23.9 21.0 
18.4 18.0 
17.6 17.9 
18.7 19.3 
19.2 18.6 
15.0 13.4 
17.8 18.4 
19.3 20.2 
21.4 22.0 
23.3 20.1 
22.6 20.6 
19.1 17.0 
20.1 18.7 
14.5 14.3 
22.2 23.3 
21.6 20.0 
19.3 18.9 
17.6 17.4 
21.6 20.3 
21.0 18.9 
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A 
3.6 
2.6 
4.0 
4.8 
0.5 
3.3 
0.6 
4.8 
2.1 
1.3 
1.7 
2.3 
0.4 
2.4 
2.1 
2.6 
2.2 
2.9 
2.5 
1.7 
2.6 
1.4 
1.7 
0.2 
1.5 
2.2 
1.8 
1.8 
2.0 
1.2 
2.0 
1.0 
0.7 
1.5 
2.9 
0.4 
0.3 
0.6 
0.6 
1.6 
0.6 
0.9 
0.6 
3.2 
2.0 
2.1 
1.4 
0.2 
1.1 
1.6 
0.4 
0.2 
1.3 
2.1 



TABLE 11 (con'd) 

329 
330 
331 
332 
333 
334 
344 
347 
345 
348 
349 
350 
346 
343 
401 
402 
403 
404 
405 
406 
407 
408 
409 
501 
502 
503 
504 
505 
506 
507 
508 
509 
510 
511 
512 
513 
514 

MEAN 
S.E. 

17.7 
20.7 
25.0 
18.2 
19.7 
23.8 
21.4 
19.6 
16.5 
18.5 
15.3 
20.5 
22.0 
20.8 
22.9 
23.1 
26.5 
25.2 
30.9 
24.0 
35.9 
24.7 
22.5 
26.5 
25.3 
27.8 
24.7 
27.5 
26.2 
27.8 
28.0 
27.8 
25.1 
26.9 
27.0 
28.1 
29.5 

0.4 
22.9 

17.3 
18.8 
25.9 
17.2 
19.3 
20.7 
20.4 
17.6 
15.3 
18.9 
13.5 
18.4 
22.6 
21.8 
22.7 
22.1 
23.3 
22.7 
30.6 
26.5 
34.2 
27.5 
24.1 
24.3 
23.3 
25.5 
24.5 
25.9 
24.7 
28.2 
26.6 
27.6 
28.3 
24.9 
27.9 
26.9 
30.1 
21.8 

0.4  

0.4 
1.9 
0.9 
1.0 
0.4 
3.1 
1.0 
2.0 
1.2 
0.4 
1.8 
2.1 
0.6 
1.0 
0.2 
1.0 
3.2 
2.5 
0.3 
2.5 
1.7 
2.8 
1.6 
2.2 
2.0 
2.3 
0.2 
1.6 
1.5 
0.4 
1.4 
0.2 
3.2 
2.0 
0.9 
1.2 
- 0.6 
1.6 
0.1 
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ACC# 
3 0 1  
3 0 2  
3 0 3  
3 0 4  
3 0 5  
3 0 6  
3 0 7  
3 0 8  
3 1 7  
318 
3 1 9  
3 2 0  
3 2 1  
3 2 2  
3 2 3  
3 2 4  
3 2 5  
335 
336 
3 3 7  
338 
3 3 9  
3 4 0  
3 4 1  
3 4 2  

MEAN 
S.E. 

PO2 - PREDIALYSIS 
PT# NOVA CORNING 

1 1 1 8 . 4  113 . 8 
2 126 .4  1 1 9 . 3  
3 1 0 5 . 7  1 0 4 . 6  
4 1 1 1 . 4  1 1 3  . 3 
5 115 . 8 1 2 0  . 3 
6 1.20 . 1 1 1 6  . 5 
7 1.17 . 2 1 2 8  . 1 
8 1.13 . 0 113 . 6 
9 1.15.9 115 . 8 

1 0  1.41.4 1 3 3 . 8  
11 95.4  1 0 4 . 3  
1 2  1 0 8 . 2  111.1 
13 1 0 2 . 8  1 0 5  . 4 
1 4  1 2 8 . 1  1 2 9  . 4 
15 9 0 . 1  8 8 . 5  
1 6  93 .9  9 7 . 8  
1 7  90.6 9 1 . 9  

7 1.14 . 2 1 2 0  . 4 
1 1.36 . 9 1 3 2 . 8  
5 81.3 8 2 . 1  
8 1 1 1 . 2  1 2 2 . 7  
3 110 .9  1 1 5 . 9  
4 1 1 1 . 4  1 1 8 . 4  
2 9 8 . 1  1 0 1 . 4  

TABLE 12. 
A 

4.6 
7 . 1  
1.1 
1 . 9  
4 .5  
3.6 

1 0 . 9  
0.6 
0.1 
7 .6  . 
8.9 
2.9 
2.6 
1.3 
1 .6  
3.9 
1 . 4  
6.2 
4 . 1  
0.8 

, 1 1 . 5  
5.0 
7.0 
3.3 

6 1 1 8 . 0  1 2 2  . 0 , 4.0 
111.1 1 1 2  . 9 4 .3  

2.9 2.6 0.6 

PO2 - POSTDIALYSIS 
ACC# PT# NOVA CORNING h 

3 0 9  1 8 2 . 3  84.6 2.3 
3 1 0  2 1 2 4 . 4  1 2 7  . 7 3.3 
311 3 91.0 87 .6  2.4 
3 1 2  4 8 8 . 1  87 .3  0.4 

84 .8  95 .0  1 0 . 2  313 5 
3 1 4  6 106 .0  1 1 4 . 7  8 .7  
315 7 93 .2  1 0 0 . 5  7 .3  
316 8 81.2 84.7  3.5 
3 2 6  9 1 4 2 . 3  1 4 6 . 6  4.3 
3 2 7  1 0  1 3 2 . 9  1 3 4  . 4 1.5 
3 2 8  11 1 2 0 . 7  1 2 8  . 1 7.4  
3 3 0  13  1 0 3 . 8  9 7 . 1  6.7 
331 1 4  1 1 3 . 3  1 2 1 . 9  8.6 
3 3 2  15 91.5 9 8 . 9  7.4 
333 1 6  91 .2  9 6 . 3  5 . 1  
3 3 4  1 7  8 9 . 8  9 2 . 5  3.8 
3 4 4  7 1 1 4  . 2 1 1 4  . 5 0 .3  
3 4 7  1 83.1 8 2 . 9  ‘ 0 . 2  
3 4 5  5 9 1 . 9  9 7 . 4  5.5 
3 4 8  8 1 1 6 . 7  1 1 4  . 5 2.2 
3 4 9  3 9 7 . 5  93 .9  3.6 
3 5 0  4 93 .4  94 .6  1 .2  
3 4 3  6 1 1 2 . 7  1 1 9 . 5  . 7 .8  

MEAN l lD5 . 0 1 0 2 . 0  4 .3  
S.E. 3.7 3 .6  0.6 

69 



ACC# 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
320 
321 
322 
323 
324 
325 
335 
336 
337 
338 

. 339 
340 
341 

H C t  - PREDIALYSIS 
PT# NOVA 

1 32 
2 26 
3 45 
4 31 
5 25 
6 23 
7 30 
8 28 
9 28 

10 28 
12 26 
13 32 
14 30 
15 33 
16 40 
17 43 
7 26 
1 28 
5 23 
8 28 
3 42 
4 30 
2 24 

SPIN 
24 
24 
45 
28 
21 
20 
29 
27 
22 
26 
24 
33 
30 
30 
34 
38 
26 
28 
21 
28 
44 
30 
23 

TABLE 13. 
A 
6 
2 
0 
3 
4 
3 
1 
1 
6 
2 
2 
1 
0 
3 
6 
5 
0 
0 
2 
0 
2 
0 
1 

342 6 25 23 2 .  
MEAN 31.4 28.8 2.1 
S.E. 

ACC# 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 
329 
330 
331 
332 
333 
334 
344 
347 
345 
348 
349 
350 
346 

H C t  - 
PT# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
7 
1 
5 
8 
3 
4 
2 

1.3 1.4 

POSTDIALY S I S 
NOVA SPIN 

31 28 
31 26 
58 56 
32 30 
29 24 
28 23 
31 30 
30 28 
27 29 
32 30 
37 37 
27 24 
46 37 
33 31 
33 32 
33 31 
45 43 
28 26 
36 36 
27 24 
31 30 
57 57 
31 30 
30 20 

0.4 

A 
3 
5 
2 
2 
5 
5 
1 
2 
2 
2 
0 
3 
9 
2 
1 
2 
2 
2 
0 
3 
1 
0 
1 

10 
343 6 27 24 3 

MEAN 34 31.4 2.7 
S.E. 1.7 1.8 0 . 5  

7 0  



ACC# 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
320 
321 
322 
323 
324 
325 
335 
336 
337 

. 338 
339 
340 
341 

Hbc - PREDIALYSIS 
PT# NOVA 

1 10.6 
2 8.8 
3 14.9 
4 10.2 
5 8.3 
6 7.7 
7 10.1 
8 9.4 
9 9.3 

10 9.2 
12 8.7 
13 10.7 
14 10.1 
15 11.1 
16 13.3 
17 14.4 
7 8.8 
1 9.2 
5 7.8 
8 9.4 
3 13.9 
4 9.9 
2 8.1 

OSM2 
7.9 
7.7 
13.4 
9.4 
6.7 
6.6 
8.9 
8.4 
7.8 
8.1 
7.3 
8.8 
9.1 
9.6 
9.5 
12.5 
8.1 
5.4 
6.5 
8.9 

9.6 
7.2 

13.0 

TABLE 14. 
A 
2.7 
1.1 
1.5 
0.8 
1.6 
1.1 
1.2 
1.0 
1.5 
1.1 
1.4 
1.9 
1.0 
1.5 
3.8 
1.9 
0.7 
3.8 
1.3 
0.5 
0.9 
0.3 
0.9 

342 6 8.2 6.8 1.4 
MEAN 10.5 8.6 1.5 
S.E. 2.1 1.8 0.2 

ACC# 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 
329 
330 
331 
332 
333 
334 
344 
347 
345 
348 
349 
350 
346 

Hbc - 
PT# 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
7 
1 
5 
8 
3 
4 
2 

POSTDIALYSIS 
NOVA OSM2 
10.4 8.2 
10.3 8.5 
19.2 16.4 
10.5 9.9 
9.8 8.0 
9.2 6.9 
10.4 9.2 
9.9 8.4 
9.1 7.5 

10.6 9.1 
12.4 12.1 
8.9 7.3 

15.5 11.6 
10.9 9.7 
11.1 9.6 
10.9 9.3 
15.2 13.7 
9.3 8.2 
11.9 8.0 
9.0 7.5 
10.4 9.0 
19.1 16.8 
10.4 9.1 
10.0 7.5 

A 
2.2 
1.8 
2.8 
0.6 
1.8 
2.3 
1.2 
1.5 
1.6 
1.5 
0.3 
1.6 
3.9 
1.2 
1.5 
1.6 
1.5 
1.1 
2.9 
1.5 
1.4 
2.3 
1.3 
2.5 

343 6 8.9 6.8 2.1 
MEAN 11.3 9.5 1.8 
S.E. 0.6 0.5 0.1 
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ACC# 
3 0 1  
3 0 2  
3 0 3  
304  
3 0 5  
306  
3 0 7  
3 0 8  
3 1 7  
318 
3 1 9  
3 2 0  
3 2 1  
3 2 2  
3 2 3  
3 2 4  
3 2 5  
335 
3 3 6  

* 3 3 7  
. 338 

339  
3 4 0  
3 4 1  
.xL 

MEAN 
S.E. 

ACC# 
3 0 9  
3 1 0  
311 
3 1 2  
313 
3 1 4  
315 
3 1 6  
3 2 6  
3 2 7  
3 2 8  
3 2 9  
330  
331 
3 3 2  
333 
3 3 4  
3 4 4  
3 4 7  
3 4 5  
3 4 8  
349  
3 5 0  
3 4 6  
3 4 3  

MEAN 
S.E. 

TABLE 15. 0 2 S a t  - PREDIALYSIS 
PT# NOVA OSM2 A 

1 9 8 . 4  9 9 . 5  1.1 
2 98 .7  1 0 0 . 0  1 . 3  
3 9 7 . 3  9 9 . 7  2.4 
4 97 .8  100.0 2.2 
5 9 8 . 1  9 6 . 2  1 .9  
6 98 .6  9 8 . 9  0 .3  
7 9 8 . 1  9 8 . 6  0 .5  
8 98 .6  100 . 0 1 . 4  
9 98 .7  1 0 0  . 0 1 . 3  

1 0  98 .8  100.0 1 . 2  
11 96 .8  1 0 0 . 0  2.2 
1 2  98.0 99.7 1 . 7  
1 3  97 .0  99 .4  2.4 
14 98.6  1 0 0 . 0  1 . 4  

1 6  96 .7  99 .8  3.1 
1 7  9 6 . 1  99 .2  3.1 

7 9 7 . 8  97 .9  0 . 1  
1 98.8 1 0 0 . 0  1 .2  
5 94 .6  91 .2  3.4 
8 9 8 . 1  98 .4  0 .3  
3 9 7 . 1  9 7 . 6  0.5 
4 9 7 . 5  1 0 0  . 0 2.5 
2 96 .8  99 .6  2.8 
6 98 .2  1 0 0  . 0 1.8 

97.7 98.9 1 .6  
0.2 0 . 4  0 .2  

15 96 .0  9 6 . 3  0 . 3  

0 2 S a t  - POSTDIALYSIS 
PT# NOVA OSM2 d 

1 95 .2  9 9 . 1  3.9 
2 98.8 100 .0  1 .2  
3 9 6 . 5  9 7 . 3  0.8 
4 9 6 . 3  9 8 . 1  1 .8  
5 9 5 . 3  95 .5  0.2 
6 97 .9  99 .0  1.1 
7 9 6 . 7  98 .0  1.3 
8 96 .0  96 .4  0.4 
9 9 9 . 3  1 0 0  . 0 0 .7  

1 0  98 .9  1 0 0 . 0  1.1 
11 98 .4  1 0 0  . 0 1 .6  
1 2  99 .4  98 .4  1 .0  
13  9 7 . 5  9 9 . 8  2.3 
1 4  98 .5  9 9 . 3  0.8 
15 96 .4  9 8 . 5  2 . 1  
1 6  9 6 . 7  99 .5  2.8 
1 7  9 6 . 3  100  . 0 3 .7  

7 9 8 . 2  99 .8  1 .6  
1 95 .6  9 5 . 8  0.2 
5 9 6 . 3  9 5 . 2  1.1 
8 98 .6  98 .6  0.0 
3 96 .9  9 7 . 3  0.4 
4 9 6 . 4  9 8 . 7  2.3 
2 99 .4  100.0 0.6 
6 98 .7  1 0 0  . 0 1 . 3  

97 .4  98 .6  1 .4  
0 .3  0 . 3  0 .2  
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ACC # 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
319 
320 
321 
322 
323 
324 
325 
335 
336 
337 
338 
339 
340 
341 

O2Ct -PREDIALYSIS 
PT# NOVA 

1 14.4 
2 12.1 
3 20.2 
4 13.8 
5 11.3 
6 10.5 
7 13.7 
8 12.8 
9 12.7 

10 12.5 
11 26.2 
12 11.8 
13 14.3 
14 13.9 
15 14.8 
16 17.9 
17 19.2 
7 11.9 
1 12.6 
5 10.2 
8 12.7 
3 18.8 
4 13.3 
2 10.9 

OSM2 
10.9 
10.7 
18.6 
13.1 
8.0 
9.1 

12.2 
11.7 
10.8 
11.3 
20.1 
10.1 
12.2 
12.6 
12.9 
13.2 
17.2 
11.0 
7.5 
8.2 

12.2 
17.6 
13.3 
10.0 

TABLE 16. 
A 

4.5 
1.4 
1.6 
0.7 
3.3 
1.4 
1.5 
1.1 
1.9 . 
1.2 
6.1 
1.7 
2.1 
1.3 
1.9 
4.7 
2.0 
0.9 
5.1 
2.0 
0.5 
1.2 
0.0 
0.9 

342 6 11.1 9.5 1.6 
MEAN 14.1 12.2 2.0 
S.E. 0.7 0.6 0.3 

ACC# 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 
329 
330 
331 
332 
333 
334 
344 
347 
345 
348 
349 
350 

02Ct - 
PT# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
7 
1 
5 
8 
3 
4 

POSTDIALYSIS 
NOVA OSM2 
13.7 11.3 
14.1 12.1 
25.7 22.2 
14.1 13.5 
12.9 10.6 
12.5 9.5 
14.0 12.5 
13.2 11.3 
12.5 10.4 
14.5 13.5 
16.9 16.8 
12.2 10.0 
20.9 16.1 
14.9 13.4 
14.8 13.1 
14.5 12.9 
20.3 19.0 
12.7 11.4 
15.8 10.7 
12.1 9.9 
14.2 12.3 
25.7 22.7 
13.9 12.5 

A 
2.4 
2.0 
3.5 
0.6 
2.3 
3.0 
1.5 
1.9 
2.1 
1.0 
0.1 
2.2 
4.8 
1.5 
1.7 
2.6 
0.7 
1.3 
5.1 
2.2 
1.9 
3.0 
1.4 

346 2 13.8 10.6 3.2 
343 6 12.2 9.5 2.7 

MEAN 15.3 13.1 2.2 
S.E. 0.8 0.7 0.2 
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K+ - PREDIALYSIS 
ACC# PT# NOVA 
301 1 5.76 
302 2 5.50 
303 3 4.85 
304 4 4.81 
305 5 5.67 
306 6 4.77 
307 7 4.83 
308 8 5.36 
317 9 4.45 
318 10 4.68 
319 11 5.29 
320 12 4.24 
321 13 4.77 
322 14 4.80 
323 15 5.97 
324 16 4.73 
325 17 4.25 
335 7 4.29 
336 1 5.46 
337 5 6.09 

. 338 8 5.44 
339 3 6.01 
340 4 4.50 
341 2 6.05 

FLAME 
5.95 
5.70 
5.15 
5.00 
5.80 
5.10 
4.95 
5.35 
4.50 
4.70 
5.60 
4.30 
5.00 
5.00 
6.00 
4.80 
4.30 
4.50 
5.80 
6.50 
5.90 
6.30 
4.70 
6.40 

TABLE 17. 
A 

0.19 
0.20 
0.70 
0.19 
0.13 
0.33 
0.12 
0.01 
0.05 
0.02 
0.31 
0.06 
0.23 
0.20 
0.03 
0.07 
0.05 
0.31 
0.34 
0.41 
0.46 
0.29 
0.20 
0.35 

MEAN 
S.E. 

ACC# 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 
329 
330 
331 
332 
333 
334 

..344 ., 
347 
345 
348 
349 
350 
346 

342 6 5.07 5.40 0.33 
5.11 5.31 0.22 
0.10 0.13 

K+ - POSTDIALYSIS 
PT# NOVA 

1 3.56 
2 3.53 
3 3.80 
4 3.69 
5 3.51 
6 3.27 
7 3.66 
8 3.03 
9 3.05 

10 3.42 
11 3.55 
12 2.99 
13 3.59 
14 3.43 
15 3.87 
16 3.35 
17 3.57 
7 .3,31 
1 3.58 
5 3.69 
8 3.24 
3 4.04 
4 3.63 
2 3.87 

FLAME 
3.70 
3.70 
4.00 
3.80 
3.80 
3.60 
3.90 
3.10 
3.10 
3.50 
3.80 
3.00 
3.50 
3.70 
3.90 
3.50 
3.40 
3.50 
3.80 
4.00 
3.40 
4.20 
3.80 
4.10 

0.03 

A 
0.14 
0.17 
0.20 
0.11 
0.29 
0.33 
0.24 
0.07 
0.05 
0.08 
0.25 
0.01 
0.09 
0.27 
0.03 
0.15 
0.17 
0.19 
0.22 
0.31 
0.16 
0.16 
0.17 
0.23 

343 6 3.57 3.80 0.23 
MEAN 3.51 3.66 0.17 

. S.E. 0.05 0.06 0.02 
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ACC# 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
319 
320 
321 
322 
323 
324 
325 
335 
336 
337 

. 338 
339 
340 
341 

Na+ - 
PT# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
7 
1 
5 
8 
3 
4 
2 

PREDIALYSIS 
NOVA FLAME 
140.6 138.0 
144.3 142.0 
142 . 1 139.0 
145.0 141.5 
134.7 132.5 
143.7 140 . 5 
142.8 138.5 
139 . 0 137.5 
143.5 142.0 
142.5 140.0 
137.8 133.0 
134.7 132.0 
139.4 136 . 0 
147 . 8 144.0 
134.6 130.0 
144.0 140.0 
142.4 136 . 0 
141.9 142.0 
142.2 142.0 
139.9 140.0 

. 139.6 141.0 
142.2 140.0 
144.3 142.0 
143.8 145.0 

TABLE 18. 
A 

2.6 
2.3 
3.1 
3.5 
2.2 
3.2 
4.3 
1.5 
1.5 
2.5 ' .  
4.8 
2.7 
3.4 
3.8 
4.6 
4.0 
6.4 
0.1 
0.2 
0.1 

,004 
2.2 
2.1 
1.2 

342 6 142.7 141.0 1.7 
MEAN 141.4 139.0 2.5 
S.E. 0.7 

Na+ - POSTDIALYSIS 
ACC# PT# NOVA 
309 1 142.6 
310 2 142.6 
311 3 144.0 
312 4 144.1 
313 5 141.6 
314 6 143.2 
315 7 141.8 
316 8 141.9 
326 9 142.3 
328 11 142.4 
329 12 138 . 5 
330 13 144.6 
331 14 144 . 3 
333 16 144.3 
344 7 141.3 
347 1 144.6 
345 5 143 . 4 
348 8 141.5 
350 4 145 . 9 
346 2 143.4 

0.8 

FLAME 
140.0 
141.0 
138.0 
140.0 
137 . 0 
139 . 0 
138 . 0 
139.0 
139 . 0 
138 . 0 
135.0 
138.0 
140.0 
140.0 
138 . 0 
140.0 
141.0 
138.0 
140 . 0 
141.0 

0.2 

A 
2.6 
1.6 
6.0 
4.1 
4.6 
4.2 
3.8 
3.9 
3.3 
4.4 
3.5 
6.6 
4.3 
4.3 
3.3 
4.6 
4.4 
3.5 
5.9 
2.4 

343 6 140.1 138 . 0 3.1 
MEAN 142.8 139 . 0 4.0 
S.E. 0.4 0.3 0.3 
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Ca++ - 
ACC# PT# 
301 1 
302 2 
303 3 
304 4 
305 5 
306 6 
307 7 
308 8 
317 9 
318 10 
319 11 
320 12 
321 13 
322 14 
323 15 
324 16 

PREDIALYSIS 
NOVA COLOR 
1.26 2.45 
1.17 2.40 
1.20 2.45 
1.22 2.40 
0.99 2.00 
1.15 2.33 
1.30 . 2.43 
1.08 2.03 
1.29 2.63 
1.24 2.28 
1.14 2.23 
1.07 2.13 
1.17 2.20 
1.24 2.40 
1.31 2.65 
1.10 2.18 

TABLE 19. 
A 

1.19 
1.13 
1.25 
1.18 
1.01 
1.18 
1.13 
0.95 
1.34 
1.04 
1-09 
1.06 
1.03 
1.16 
1.34 
1.08 

325 17 1.16 2.30 1.14 
MEAN 1.18 2.32 1.14 
S.E. 0.29 0.56 0.02 

ACC# 
309 
310 
311 
312 
313 
314 
315 
316 
326 
327 
328 
329 
330 
331 
332 
333 

Ca++ - POSTDIALYSIS 
PT# NOVA COLOR 

1 1.35 2.55 
2 1.33 2.70 
3 1.39 3.05 
4 1.31 2.63 
5 1.27 2.48 
6 1.31 2.55 
7 1.35 2.58 
a 1.23 2.25 
9 1.42 2.68 

10 1.28 2.55 
11 1.38 2.58 
12 1.29 2.35 

14 1.32 2.70 
15 1.40 2.70 
16 1.27 2.40 

13 1.36 2 . 8 0  

A 
1.20 
1.37 
1.66 
1.32 
1.21 
1.24 
1.23 
1.02 
1.46 
1.27 
1.20 
1.06 
1.44 
1.38 
1.30 
1.13 

334 17 1.31 2.60 1.29 
1.33 2.60 1.28 MEAN 

S.E. 0.01 0.04 0.04 
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ACC# 
301 
302 
303 
304 
305 
306 
307 
308 
317 
318 
319 
320 
321 
322 
323 
324 
325 
335 
336 
337 
338 
339 
340 
341 

PH - PREDIALYSIS 
PT# NOVA CORNING 
1 7.335 7.320 
2 7 . 354 7.350 
3 7.278 7.260 
4 7.292 7.296 
5 7.291 7.290 
6 7.336 7.390 
7 7.292 7.316 
8 7 . 420 7.418 
9 7.435 7.456 
10 7.265 7.258 
11 7.326 7.342 
12 7 . 354 7.364 
13 7.273 7.263 
14 7.312 7 . 320 
15 7.292 7.289 
16 7.325 7.334 
17 7.310 7.294 
7 7.275 7.305 
1 7.292 7.334 
5 7.292 7.318 
8 7.337 7.360 
3 7 . 201 7.199 
4 7.257 7.306 
2 7.290 7.317 

A 
0.015 
0.004 
0.018 
0.004 
0.001 
0.054 
0.026 
0.002 
0.021 
0.007 
0.016 
0.020 
0.010 
0.008 
0.003 
0.009 
0.016 
0.030 
0.042 
0.026 
0.023 
0.002 
0.049 
0.027 

342 6 7.313 7.365 0.052 
MEAN 7.310 7.323 
S.E. 

ACC# 
309 
310 
311 
312 
313 
314 
315 
16 

326 
327 
328 
329 
330 
331 
332 
333 
334 
344 
347 
345 
348 
349 
350 
346 

0.010 0.011 

pH - POSTDIALYSIS 
PT# NOVA CORNING 
1 7.336 7.326 
2 7.392 7.399 
3 7.334 7.304 
4 7.348 7.352 
5 7.292 7.326 
6 7.355 7 365 
7 7.334 7.337 
8 7.392 7 . 397 
9 7.435 7.451 
10 7 . 357 7.370 
11 7.330 7.325 
12 7.360 7.346 
13 7.320 7.324 
14 7.417 7.452 
15 7.312 7.307 
16 7.352 7.350 
17 7.340 7.327 
7 7.339 7.345 
1 7.343 7.335 
5 7.299 7.299 
8 7.384 7.403 
3 7.296 7.263 
4 7.304 7.292 
2 7.415 7.403 

0.019 
0.003 

A 
0.010 
0.007 
0.020 
0.004 
0.034 
0.010 
0.003 
0.005 
0.016 
0.013 
0.005 
0.014 
0.004 
0.035 
0.005 
0.002 
0.013 
0.006 
0.008 
0.000 
0.019 
0.033 
0.012 
0.012 

343 6 7.449 7 . 4.7 3 0.024 
MEAN 7.353 7.355 0.013 

TABLE 20. 

S.E. 0.009 0.011 0.002 
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TABLE 21. 

VARIABLE . - 
PH 

PC02 (mmHg 1 

PO2 (mmHg 

act(%> 

Hbc (g/dl) 

Na+(mmol/l) 

K+ (mmol/l) 

Ca++ (mmol/l) 

COMPARISON OF VENOUS BLOOD VALUES 
IN 14 NORMAL CONTROLS 

NOVA STANDARD 

7.307 2 0.01 

53.9 If: 1.23 

27.5 2 0.96 

44 2 0.80 

14.7 2 0.24 

27.0 2 0.35 

44.6 5 3.80 

9.1 & 0.80 

144.6 5 0.51 

4.38 2 0.08 
1.39 2 0.01 

7.315 5 0.01 

51.8 5 1.15 

26.6 2 1.71 

45 2 0.80 

15.0 2 0.27 

26.3 2 0.51 

45.0 5 3.9 

9.5 & 0.86 

141.6 5 0.70 

4.41 5 0.28 

2.41 5 0.02 

P>O . 05 
P>O -05 

P>O . 05 
P>O . 05 
P>O . 05 
P>O. 05 

P>0.05 

P>O. 05 

P>O. 05 

P>O . 05 
P<O .OS 

~~~ ~~~~ 

VALUES ARE MEAN - + STANDARD ERROR 
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TABLE 22 

ALIQUOT NUMBER 
all aliquots determined within 11 min. 

1 
PH 7.518 
PC02 (mmHg) 22.7 
PO2 (mmHg) 62.1 
Hct ( % )  30 
Na+ (mM) 147.9 
K+ (mM) 3.3 
Ca++ (mM) 1.22 
Hbc (g/d 1) 10.1 
O2Sat ( % )  94.3 
02C t (ml/d 1 ) 13.2 
HC03- (mM) 18.6 

2 
7.524 
22.2 
63.5 

30 
148 . 2 

3.2 
1.19 
10.1 
94.7 
13.3 
18.4 

3 
7.514 
23.0 
66.9 

31 
148.1 

3.3 
1.22 
10.2 
95.3 
13.4 
18.7 

4 
7.516 
22.5 
68.2 

30 
148.5 

3.2 
1.20 
9 .9 

95.6 
13.1 
18.3 

PH 
PC02 ( m m H g )  
PO2 (mmHg) 
Hct ( % )  
Na+ (mM) 
K+ (mM) 
Ca++ (mM) 
Hbc(g/dl) 
02Sat ( % )  
02Ct (ml/d 1 ) 
HC03- (mM) 

ALIQUOT NUMBER 
all aliquots determined within 12 min. 

1 
7.573 
17.1 
60.9 

35 
150 . 7 

2.5 
0.97 
11.8 

15.6 
15.9 

95.0 

2 
7.547 
18.2 
61.0 

36 
150.9 

2.6 
1.03 
12.0 
94.6 
15.7 
15.9 

3 
7.544 
17.6 
60.2 

34 
151.8 

2.5 
0.93 
11.4 
94.4 
15.0 
15.3 

4 
7.550 
18.3 
61.2 

35 
151.1 

2.7 
1.02 
11.8 
94.7 
15.4 
16.1 

Mean 
7.518 
22.6 
65.2 

148.2 
3.25 
1.21 
10.1 
95.0 

13.25 
18.5 

30.25 

Mean 
7.554 
17.8 
60.8 

35 
151.1 

2.6 
0.99 
11.8 
94.7 
15.4 
15.8 

Max. A 
from Mean(%) 
0.08 
1.77 
4.76 
2.48 
0.20 
1.54 
1.65 
1.98 
0.74 
1.13 
1.08 

Max. h 
from Mean(%) 
0.25 
3.93 

' 0.99 
2.86 
0.46 
3.85 
6.06 
3.39 
0.32 
2.60 
3.17 
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TABLE 22  ( c o n ' d )  

ALIQUOT NUMBER 
a l l  a l i q u o t s  d e t e r m i n e d  w i t h i n  1 8  m i n .  

PH 
PC02 ( m m H g )  
PO2 (mmHg) 
H c t  ( % )  
N a +  (mM) 
K+ (mM) 
Ca++ (mM) 

O 2 S a t  ( 8 )  
0 2 C t  ( m l / d l )  
HC03- (mM) 

Hbc (g /d l )  

1 
7 . 5 2 6  

26.0 
6 8 . 2  

3 6  
1 4 9 . 0  

3.4 
. 1 . 0 8  
1 2 . 0  
9 5 . 6  
1 5 . 9  
21.6 

2 
7 . 5 0 8  

25.4 
6 7 . 8  

3 5  
1 4 9  . 7 

3.4 
1 . 0 6  
1 1 . 6  
9 5 . 3  
15.3 
2 0 . 3  

3 
7 .514  

25 .6  
6 5 . 1  

3 5  
1 4 9 . 8  

3 .5  
1.11 
1 1 . 6  
94 .8  
15.3 
20.7 

4 
7 .499  

2 4 . 5  
6 7 . 2  

31 
1 5 0  . 7 

3.4 
0 .97  
1 0 . 3  
9 5 . 1  
1 3 . 6  
1 9 . 2  

Mean 
7 .512  

25.4 
6 7 . 1  

34 .25  
149 .8  

3.4 
.1.06 
1 1 . 4  
95.2 
15 .0  
20.5 

ALIQUOT NUMBER 
a l l  a l i q u o t s  d e t e r m i n e d  w i t h i n  1 7  m i n .  

1 
PH 7 . 4 4 6  
PC02 (mmHg) 26.4 
PO2 (mmHg) 1 0 4 . 7  
H c t  ( % )  35 
Na+ (mM) 151.6 
K+ (mM) 3.4 
Ca++  (mM) 1 . 1 6  
Hbc (g /d l )  1 1 . 7  
0 2 S a t  ( % )  9 8 . 4  
0 2 C t  ( m l / d  1 ) 1 5 . 9  
HC03- (mM) 1 8 . 3  

2 3 4 
7 . 4 4 1  7 .445  7 . 4 5 3  

2 5 . 3  26 .5  25 .5  
1 0 8  . 3 1 0 7  . 3 1 0 8 . 7  

33 34  33 
151.7 151.9 151.7 

3.3 3.5 3.4 
1 . 0 8  1 . 1 5  1 . 0 9  
11.1 11.3 11.1 
9 8 . 5  9 8 . 5  98 .6  
1 5 . 2  1 5 . 5  1 5 . 2  
1 7 . 3  1 8 . 3  1 7 . 9  

Mean 
7 . 4 4 6  

25.9 
1 0 7 . 3  
3 3 . 7 5  
151.7 

3.4 
1 . 1 2  
1 1 . 3  
9 8 . 5  
1 5 . 5  
1 8 . 0  

Max. A 
from Mean ( % )  

0 . 1 9  
3.54 
2 .98  
9 . 4 9  
0.60 
2.94 
8 .49  
9 . 6 5  
0 . 6 3  
9 .33  
6 . 3 4  

Max. A 
from Mean(%) 

0.09 
2.32 
2.42 
3.70 
0.13 
2.94 
3.57 
3.54  
0 .10  
2.58 
3.89 
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TABLE 22 (con'd) 

ALIQUOT NUMBER 
all aliquots determined within 16 min. Max. A 

PH 7.473 7.491 7.478 7.481 7.481 0.13 
PC02 (mmHg) 23.8 23.4 22.3 21.7 22.8 4.82 
PO2 (mmHg) 80.5 80.3 79.9 82.2 80.7 1.86 
Hct ( % )  29 29 29 28 28.75 0.87 
Na+ (mM) 148 . 6 148.5 148.7 149.1 148.7 . 0.27 
K+ (mM) 3.94 3.91 3.96 3.82 3.91 2.30 
Ca++ (mM) 1.34 1.34 1.35 1.29 1.33 3.01 
Hbc (s/dl) 9.8 9.6 9.6 9.3 9.575 2.35 

1 2 3 4 Mean from Mean(%) 

02Sat ( % )  96.9 97.0 96.9 97.2 97.0 0.21 
02Ct (ml/d 1 ) 13.1 13.0 12.9 12.5 12.9 3.10 
HC03- (mM) 17.5 17.9 16.6 16.3 17.1 4.68 

ALIQUOT NUMBER 
all aliquots determined within 16 min. 

1 2 3 4 
PH 7.391 7.390 7.382 7.382 
PC02 (mmHg) 26.1 25.7 26.4 26.5 
PO2 (mmHg) 114.7 109 . 7 105.5 107 . 7 
Hct ( % )  39 38 37 38 
Na+ (mM) 148.1 148.9 149 . 1 148.8 
K+ (mM) 3.37 3.17 3.23 3.26 

1.19 1.23 1.26 Ca++ (mM) 1.24 
Hbc (s/dl) 13.0 12.5 12.5 12.6 
O2Sat ( % )  98.6 98.4 98.1 98.2 
02Ct (ml/dl) 17.7 17.1 17.0 17.2 
HC03- (mM) 15.9 15.6 15.7 15.8 

Mean 
7.386 
26.2 

109.4 
38 

148.7 
3.26 
1.23 
12.7 
98.3 
17.3 

15.75 

Max. A 
from Mean(%) 
0.068 
1.91 
4.84 
2.63 
0.40 
3.37 
3.25 
2.36 
0.31 
2.31 
0.95 
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V. CONCLUSIONS 

The i m p o r t a n t  c o n c l u s i o n s  which r e s u l t  from t h e  c u r r e n t  w o r k  0 are a s  fo l lows:  

(1) Assessmen t  of chemical d a t a  v a r i a b l e s  i n  blood,  e s p e c i a l l y  
venous  blood,  may be u s e f u l  i n  e v a l u a t i n g  c o n d i t i o n s  of  low 
c a r d i a c  o u t p u t  and low t i s s u e  p e r f u s i o n .  R e l e v a n t  chemical d a t a  
v a r i a b l e s  i n c l u d e  t h e  f o l l o w i n g :  

Hematocrit 

Oxygen c o n t e n t  

PC02 

B i c a r b o n a t e  

G l u c o s e  

Lac ta t e  

P o t a s s i u m  Ion  

(2) A l t h o u g h  r e q u i r i n g  more i n v a s i v e  s a m p l i n g  t e c h n i q u e s ,  
0 

a n a l y s i s  of blood gases i n  a r t e r i a l  b lood-would  assist i n  
d i s t i n g u i s h i n g  blood c h e m i s t r y  c h a n g e s  r e s u l t i n g  from i m p a i r m e n t s  
i n  pu lmonary  g a s  exchange  i n  t h o s e  r e s u l t i n g  from low t i s s u e  
per f u s i o n .  

( 3 )  Techno logy  is c u r r e n t l y  a v a i l a b l e  q u a n t i t a t i o n  of i m p o r t a n t  
blood c h e m i s t r y  d a t a  v a r i a b l e s .  For i o n s  and c e r t a i n  o t h e r  
c h e m i c a l  componen t s ,  e x i s t i n g  t e c h n o l o g y  makes u s e  of ion -  
s e l e c t i v e  electrode t e c h n o l o g y .  O p t i m a l l y ,  t h e  i n s t r u m e n t a t i o n  
used  fo r  a n a l y s i s  of  b l o o d  c h e m i s t r y ,  i n c l u d i n g  blood gases and 
o t h e r  c h e m i c a l  components ,  s h o u l d  have  t h e  c a p a c i t y  t o  q u a n t i t a t e  
r e q u i r e d  d a t a  v a r i a b l e s  i n  a s i n g l e  small sample of  whole  blood. 

( 4 )  A p r o t o t y p e  o f f - t h e - s h e l f  i n s t r u m e n t  i s  c u r r e n t l y  a v a i l a b l e  
f o r  q u a n t i t a t i o n  o f  many o f  t h e  i m p o r t a n t  r e q u i r e d  da t a  
v a r i a b l e s .  T h i s  i n s t r u m e n t  is  t h e  S t a t  P r o f i l e - 1  A n a l y z e r  
m a n u f a c t u r e d  by  NOVA Biomedical  Company. 
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( 5 )  An i n - d e p t h  e v a l u a t i o n  o f  t h e  NOVA S t a t  P r o f i l e - 1  i n  
c o m p a r i s o n  w i t h  accepted Gold S t a n d a r d  t e c h n i q u e s  r e v e a l s  t h a t  
t h e  i n s t r u m e n t  p r o v i d e s  r e l i a b l e  q u a n t i t a t i v e  i n f o r m a t i o n  on  t h e  
f o l l o w i n g  i m p o r t a n t  chemical d a t a  v a r i a b l e s  i n  venous  b l o o d :  

0 

H e m a t o c r i t  

Oxygen C o n t e n t  

PC02 

B i c a r b o n a t e  C o n c e n t r a t i o n  

P o t a s s i u m  Ion  C o n c e n t r a t i o n  

( 6 )  E x p e r i e n c e  w i t h  t h e  NOVA S t a t  P r o f i l e - 1  r e v e a l s  t h a t  t h e  
i n s t r u m e n t  is  s imple i n  i t s  o p e r a t i o n  and m a i n t e n a n c e  and 
r e q u i r e s  min ima l  t r a i n i n g  by t h e  u s e r .  
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VI. RECOMMENDATIONS 

Based on t h e  work performed unde r  c o n t r a c t  N A S  9-17594 ,  t h e  0 f o l l o w i n g  recommendat ions  f o r  f u t u r e  a c t i o n  a re  made: 

(1) The NOVA S t a t  P r o f i l e - 1  A n a l y z e r  s h o u l d  be s e r i o u s l y  
c o n s i d e r e d  f o r  u s e  i n  t h e  Space S t a t i o n  H e a l t h  Main tenance  
F a c i l i t y .  I n  t h i s  r e g a r d ,  i t  s h o u l d  be n o t e d  t h a t  NOVA 
Biomedical  Company m a n u f a c t u r e s  e lectrodes f o r  q u a n t i t a t i o n  o f  
c h l o r i d e  i o n  c o n c e n t r a t i o n  and g l u c o s e  c o n c e n t r a t i o n .  The 
r e l i a b i l i t y  of these e l e c t r o d e s  w a s  n o t  assessed i n  t h e  c u r r e n t  
work e v a l u a t i n g  t h e  S t a t  P r o f  ile-1 Ana lyze r .  However, t h e  
electrodes u t i l i z e  accepted t e c h n o l o g y  a s  described i n  S e c t i o n  
I I B  of t h i s  repor t  and i t  would be, t h e r e f o r e ,  e x p e c t e d  t h a t  
r e s u l t s  u t i l i z i n g  t h e s e  e l e c t r o d e s  would be e q u i v a l e n t  i n  
r e l i a b i l i t y  t o  t h o s e  a c t u a l l y  e v a l u a t e d  i n  t h e  c u r r e n t  work. 
S i n c e  g l u c o s e  c o n c e n t r a t i o n  would be a n  e s p e c i a l l y  v a l u a b l e  d a t a  
v a r i a b l e ,  n o t  o n l y  i n  e v a l u a t i n g  low b l o o d  f l o w  s t a t e s  b u t  a l s o  
i n  e v a l u a t i n g  t h e  n u t r i t i o n a l  s t a t e  of  t h e  Space S t a t i o n  w o r k e r ,  
i t  is  h i g h l y  recommended t h a t  t h e  g l u c o s e  electrode be t e s t e d  by  
p rac t i ca l  means s u c h  a s  employed i n  t h e  c u r r e n t  work. I f  i t s  
p e r f o r m a n c e  is  found t o  be s a t i s f a c t o r y ,  i t s  u s e  s h o u l d  be 
s e r i o u s l y  c o n s i d e r e d  as  a n  i n t e g r a l  p a r t  of t h e  S t a t  P r o f i l e - 1  
i n s t r u m e n t .  

( 2 )  C e r t a i n  r e p a c k a g i n g  of t h e  i n s t r u m e n t  may be r e q u i r e d  t o  
f a c i l i t a t e  its u s e  i n  t h e  H e a l t h  Main tenance  F a c i l i t y .  The 
p r i n t e r  used  f o r  p r o d u c i n g  h a r d  copy o f  i n f o r m a t i o n  d i s p l a y e d  on 
t h e  CRT s c r e e n  may n o t  be r e q u i r e d  and c o u l d  be deleted from t h e  
i n s t r u m e n t  a s  used  i n  t h e  HMF. The CRT and mic rocompute r  w i t h  
a s s o c i a t e d  c i r c u i t r y  may be i n c o r p o r a t e d  i n t o  t h e  c e n t r a l  HMF 
compute r  and d a t a  a c q u i s i t i o n  s y s t e m  a n d ,  t h e r e b y ,  de l e t ed  from 
t h e  S t a t  P r o f i l e - 1  package  i t se l f .  I t  is predic ted  t h a t  t h e s e  
d e l e t i o n s  from t h e  i n s t r u m e n t  would c o n s e r v e  c o n s i d e r a b l e  space 
and w e i g h t .  I n  a d d i t i o n ,  t h e  power r e q u i r e m e n t  f o r  t h e  
i n s t r u m e n t ,  a s  now d e s i g n e d ,  i s  a 60 cycle, 1 2 0  v o l t  a l t e r n a t i n g  
c u r r e n t  which  i s  c o n v e r t e d  t o  a d i rec t  c u r r e n t  b y  an  i n t e r n a l  
t r a n s f o r m e r  and a s s o c i a t e d  c i r c u i t r y .  Wi th  t h e  a v a i l a b i l i t y  of  a 
d i r ec t  c u r r e n t  power s u p p l y ,  t h e  i n t e r n a l  t r a n s f o r m e r  s y s t e m  may 
be d e l e t e d .  I t  is  recommended t h a t  f u r t h e r  communica t ion  w i t h  
t h e  m a n u f a c t u r e r ,  NOVA B i o m e d i c a l ,  be e s t a b l i s h e d  i n  order  t o  
f a c i l i t a t e  r e d e s i g n  o f  t h e  i n s t r u m e n t  a l o n g  t h e  above  l i n e s .  
C o n s u l t a t i o n  w i t h  t h e  m a n u f a c t u r e r  may a l s o  r e s u l t  i n  f u r t h e r  
r e p a c k a g i n g  o f  t h e  i n s t r u m e n t  i n  t h e  i n t e r e s t  o f  s p a c e  and w e i g h t  
c o n s e r v a t i o n .  

( 3 )  The NOVA S t a t  P r o f i l e - 1  A n a l y z e r  u s e s  a n  a c t i v e  pump 
mechanism f o r  moving r e a g e n t s ,  waste, and sample f l u i d s .  S i n c e  
t h i s  mechanism o f  f l u i d  movement i s  n o t  g r a v i t y  d e p e n d e n t ,  no 
spec ia l  m o d i f i c a t i o n s  i n  t h i s  mechanism a re  n e c e s s a r y .  In  t h i s  
r e g a r d ,  i t  s h o u l d  a l s o  be n o t e d  t h a t  w i t h i n  t h e  r e a g e n t  pack of  
t h e  i n s t r u m e n t ,  r e a g e n t  f l u i d s  are  c o n t a i n e d  i n  r i g i d  p l a s t i c ,  0 8 4  



v e n t e d  c o n t a i n e r s .  S i n c e  t h e  HMF w i l l  be p r e s s u r i z e d ,  i t  is n o t  
f o r e s e e n  t h a t  a change  i n  t h e  r e a g e n t  p a c k - s y s t e m  w i l l  be 
r e q u i r e d .  0 
( 4 )  The NOVA S t a t  P r o f i l e - 1  h a s  t h e  c a p a c i t y  f o r  q u a n t i t a t i o n  
n o t  o n l y  of po tass ium i o n  a s  l i s t e d  above ,  b u t  a l s o  f o r  o t h e r  
i o n s  i n c l u d i n g  s o d i u m ,  c a l c i u m ,  and c h l o r i d e .  I n  t h e  c u r r e n t  
work, t h e  r e l i a b i l i t y  o f  t h e  i n s t r u m e n t  i n  d e t e r m i n a t i o n  of 
p o t a s s i u m  i o n ,  sodium i o n ,  and c a l c i u m  i o n  c o n c e n t r a t i o n s  i n  
blood were a s s e s s e d .  As p o i n t e d  o u t  above ,  c h a n g e s  i n  t h e  v a l u e  
of venous  blood p o t a s s i u m  i o n  c o n c e n t r a t i o n  may be e s p e c i a l l y  
u s e f u l  i f  e v a l u a t i n g  low t i s s u e  p e r f u s i o n  states.  Changes i n  t h e  
c o n c e n t r a t i o n s  of b l o o d  sodium and c a l c i u m  are less u s e f u l  i n  
e v a l u a t i o n  o f  l o w  blood f l o w  s t a t e s  b u t  may be v a l u a b l e  d a t a  
v a r i a b l e s  f o r  a s s e s s m e n t  of o t h e r  i m p o r t a n t  h e a l t h  m a i n t e n a n c e  
problems r e l e v a n t  t o  human l i f e  i n  a w e i g h t l e s s  e n v i r o n m e n t .  I t  
i s  recommended t h a t  c o n s i d e r a t i o n  be g i v e n  t o  f u t u r e  s t u d i e s  
r e g a r d i n g  t h e  i m p o r t a n c e  of sodium and c a l c i u m  q u a n t i t a t i o n  i n  
t h e  Space S t a t i o n .  The r a t i o n a l e  of t h i s  recommendat ion is a s  
fo l lows:  

W e i g h t l e s s n e s s  i s  known t o  resul t  i n  a r e d i s t r i b u t i o n  of 
blood volume,  l e a d i n g  t o  a n  i n c r e a s e  i n  t h e  c e n t r a l  blood volume. 
An i n c r e a s e  i n  c e n t r a l  b l o o d  volume is know t o  r e s u l t  i n  
s t i m u l a t i o n  of c e r t a i n  n e u r a l  receptors l o c a t e d  i n  c e n t r a l  blood 
v a s c u l a r  chambers. Such r e c e p t o r s  a re  loca ted  e s p e c i a l l y  i n  t h e  
v e n a  c a v a e  and r i g h t  a t r i u m  a s  w e l l  a s  i n  pulmonary  v e s s e l s .  
S t i m u l a t i o n  of these r e c e p t o r s  b y  m e c h a n i c a l  s t re tch  e l i c i t s  
c e r t a i n  c a r d i o v a s c u l a r  reflexes which r e s u l t  i n  an  i n c r e a s e  i n  
s a l t  and water e x c r e t i o n  b y  t h e  k i d n e y s .  L i k e w i s e ,  s t re tch  of 
t h e  a t r i a  is known t o  c a u s e  f o r m a t i o n  and s e c r e t i o n  of t h e  
hormone A t r i a l  N a t r i u r e t i c  Fac tor ,  and t h i s  hormone s t r o n g l y  
p r o m o t e s  sodium and water e x c r e t i o n  b y  t h e  k i d n e y s .  Because  of 
these f a c t o r s ,  i t  may be predic ted  t h a t  w i t h o u t  a n  appropr ia te  
b a l a n c e  b y  i n c r e a s e d  s o d i u m  i n t a k e ,  body f l u i d  sodium 
c o n c e n t r a t i o n  would show a marked r e d u c t i o n  i n  a w e i g h t l e s s  
env i ronmen t .  For t h i s  r e a s o n ,  a c o n s t a n t  a s s e s s m e n t  of sodium 
i o n  c o n c e n t r a t i o n  i n  t h e  body f l u i d s  would be i m p o r t a n t  i n  t h e  
Manned S p a c e  S t a t i o n .  

A w e i g h t l e s s  e n v i r o n m e n t  w i l l  a l so  lead t o  r educed  stress of 
t h e  b o d y ' s  s k e l e t a l  sys tem.  Reduced stress on  b o n e s  is f e l t  t o  
r e s u l t  i n  an  impa i rmen t  i n  t h e  b a l a n c e  be tween bone  s y n t h e s i s  and 
d e g r a d a t i o n ,  l e a d i n g  t o  a r e d u c t i o n  i n  b o n e  mass. A s t u d y  
d e s i g n e d  t o  assess bone  c a l c i u m  t u r n o v e r  b y  q u a n t i t a t i o n  o f  blood 
and /o r  u r i n e  c a l c i u m  c o n c e n t r a t i o n  may be e x t r e m e l y  u s e f u l  i n  
d e t e r m i n i n g  t h e  effects  of long- t e rm w e i g h t l e s s n e s s  on s k e l e t a l  
s t r u c t u r e  of t h e  body. 

0 

( 5 )  The NOVA S t a t  P r o f i l e - 1  used  i n  t h e  p r e s e n t  work d i d  n o t  
have  t h e  c a p a c i t y  for  q u a n t i t a t i o n  o f  blood l ac t a t e  
c o n c e n t r a t i o n .  A s  p o i n t e d  o u t  i n  S e c t i o n  I I A ,  venous  b l o o d  
l a c t a t e  s h o u l d  p r o v e  t o  be a v a l u a b l e  c h e m i c a l  d a t a  v a r i a b l e  i n  
t h e  a s s e s s m e n t  o f  low t issue p e r f u s i o n  s t a t e s .  A s  p o i n t e d  o u t  i n  0 85 



S e c t i o n  I I B  above ,  e l e c t r o d e  t e c h n o l o g y  i s  c u r r e n t l y  a v a i l a b l e  
f o r  q u a n t i t a t i o n  o f  l a c t a t e  c o n c e n t r a t i o n s  i n  f l u i d s .  F u t u r e  
e f f o r t s  s h o u l d  b e  d i r e c t e d  towards  i n c o r p o r a t i o n  o f  a l a c t a t e  
e l e c t r o d e  i n t o  a b lood  c h e m i s t r y  a n a l y z e r  s u c h  a s  t h e  NOVA S t a t  
Prof  i le-1 . 
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1 General  Informat ion  

Th i s  manual provides  a11 necessary  i n s t r u c t i o n s  f o r  the  r o u t i n e  ope ra t ion  and 
maintenance o f  t h e  NOVA S t a t  P r o f i l e  1. 
I t  has  been prepared t o  assist you i n  a t t a i n i n g  optimum performance from the  
NOVA S t a t  P r o f i l e  1 analyzer .  

P l ease  read  t h i s  manual c a r e f u l l y .  

, This  s e c t i o n  in t roduces  t h e  S t a t  P r o f i l e  1, cover ing  t e s t s  performed, 
procedura l  l i m i t a t i o n s ,  and g i v i n g  an  overview o f  t h e  components, o p e r a t i o n ,  
and system program. 

1.1 Tests Performed and Procedura l  L imi t a t ions  

. ",.,... 
The NOVA S t a t  P r o f i l e  1 analyzer  combines blood gas  and r e l a t e d  s t a t  tes ts  o f  
serum, p la sma ,  whole b lood ,  and e x p i r e d ' g a s  f o r  i n  v i t r o  d i a g n o s t i c  use.  

Samples are analyzed f o r  

From the  d i  e, 

I,*..... 

ec 

PH 
PC02 
Po2 
Sodium ( N a )  
Potassium (K) 
Ion ized  Calcium (Ca*) 
Hematocri t  (Hct) 

l y  measured r e s u l t s ,  t he  c a l c u l a t e d  r e s u l  are: 

Oxygen S a t u r a t i o n  l e v e l  (%Sat)  
Base Excess of t h e  Blood (BE-B) 
Base Excess o f  E x t r a c e l l u l a r  F lu id  (BE-ECF) 
Bicarbonate  l e v e l  (HCq)  
Standard Bicarbonate  Concentrat ion (SBC) 
T o t a l  Carbon Dioxide (TC02) 
Oxygen con ten t  ( % C t )  - Normalized Calcium (nCa*) 
Hemoglobin (Hbc) 

Acceptable samples f o r  t h e  NOVA S t a t  P r o f i l e  1 are a r t e r i a l ,  venous,  or 
c a p i l l a r y  whole b lood ,  plasma, o r  serum samples c o l l e c t e d  a n a e r o b i c a l l y  (or 
a e r o b i c a l l y  f o r  sodium and potassium) or expi red  gas samples. 

When a f l a s h i n g  r e s u l t  is d isp layed  on t h e  resu l t s  screen  and p r in t ed  wi th  a 
ques t ion  mark, t h i s  is an i n d i c a t i o n  t h a t  a minor e r r o r  has  occurred dur ing  
t h e  ana lys i s .  Refer t o  t h e  d i sp layed  e r r o r  code to  i n t e r p r e t  whether to  
accep t  or r e j e c t  t h e  r e s u l t .  

Throughout t h i s  manual, NOTE: i n d i c a t e s  e s p e c i a l l y  important information and 
CAUTION: i n d i c a t e s  information t h a t  is c r i t i c a l  t o  avoid instrument  damage or 
i n c o r r e c t  r e s u l t s .  
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. .- 

OF POOR QUALITY 1.2 C a q m m  Overv iew 

The NOVA S = R o f i l e  1 components are shown i n  Figure 1.1. These components - 
are  describd L the fo Llowing s e c t i o n s  . 

.. .. .. .. - - .. 

,<.. , . , .. .: . Figure 1.1 NOVA S t a t  Profile 1 Components 

1. Q I f i p l a y  
2. l a b r e n t  Status Light 
3. lclri 
6 .  - 
5. Assembly I n l e t  Port 
6. e c a l  Compartment 
7 .  Deck 
8. 4 t  Pack 
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1.2.1 S t a t  P r o f i l e  1 Keypad and Funct ions 

The instrument  is c o n t r o l l e d  by a keypad as shown in  Figure 1.2, wi th  keys 
expla ined  i n  Table  1.1. 

I /. . I 

Ill I 
J 

A 

Figure  1.2 Keypad - - 

Table 1.1 Key Functions 

Key Funct ion 

ANALY 2 E S t a r t s  an a n a l y s i s  u s i n g  t h e  c u r r e n t l y  s e l e c t e d  tes t  mode. 
“-“I This key is  i n o p e r a t i v e  i f  the  system is busy with ano.ther 

sequence . 
CAL - S t a r t s  a f u l l  two-point c a l i b r a t i o n .  This key is  i n o p e r a t i v e  

i f  t h e  system i s  busy wi th  ano the r  sequence. 

TEST SELECT S e l e c t s  or changes t h e  c u r r e n t  a n a l y s i s  mode, a s  seen i n  t h e  
READY (NOT READY) FOR ANALYSIS s c r e e n ,  t o  any o f  t h e  4 
following modes : 

I. Blood Gas + E l e c t r o l y t e s  
2.  Expired Gas 
3. Blood Gas Only 
4. E l e c t r o l y t e s  Only 

i. . 

The - TEST SELECT key changes the  a n a l y s i s  mode fo r  1 p a t i e n t  
sample only.  A t  t h e  end o f  an a n a l y s i s ,  t he  Defaul t  Analysis  
Mode w i l l  be r e s t o r e d  (Sec t ion  2.2.1). The key i s  only  
o p e r a t i o n a l  from the  READY (NOT READY) FOR ANALYSIS s c r e e n ,  
when no c a l i b r a t i o n  o r  a n a l y s i s  is i n  progress.  
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PATIENT DATA 1. 

STATUS 

MENU - 

PRINT - 

2.  

3 .  

During an a n a l y s i s ,  enables  you t o  e n t e r  t he  access ion  
number, p a t i e n t  X.D. number, temperature ,  hemoglobin, sample 
type ,  t i m e  drawn, and percent  i n sp i r ed  oxygen va lues .  

When an a n a l y s i s  i s  not  be ing  performed, recal ls  r e s u l t s  
from t h e  l a s t  a n a l y s i s  . 
When pressed  twice from t h e  READY 'FOR ANALYSIS s c r e e n ,  
a l lows  you t o  e n t e r  a l t e r n a t e  p a t i e n t  d a t a ,  r e c a l c u l a t i n g  
the  prev ious  r e s u l  t s  . 

The Pak ien t  Data sc reen  cannot  be accessed i f  a Menu or S t a t u s  
s c r e e n  is c u r r e n t l y  be ing  d i sp layed  on t h e  CRT. 

Causes t h e  Sensor S t a t u s  sc reen  t o  be d isp layed .  This  is  t h e  
f i r s t  o f  fou r  S t a t u s  screens ;  you can c y c l e  thrgugh them us ing  
t h e  ENTER or STATUS keys. 

. ,  

Causes t h e  Main Menu t o  be  d isp layed .  This a l lows  you t o  
access t h e  f o u r  suppor t  s e c t i o n s  of  t h e  sof tware .  A s  you 
become more exper ienced ,  you can ,bypass  the  MENU key (and t h e  
Main Menu) by p r e s s i n g  t h e  d i g i t  key (1 - 4) Corresponding t o  
t h e  fou r  -suppot t s e c t i o n s  . 

ENTER - 

x *.*..... 

CLEAR - 

- . (Decimal 

-- 0-9 ( D i g i t s )  1. 

1. 
2. 

3 .  
' 4. 

- 5 .  

1. 
2. 
3 .  

P t . 1 1 .  
2. 

3 .  

4. 

Causes a manual p r i n t o u t  of  t h e  con ten t s  of  t h e  c u r r e n t l y  
d i s p l a y e d  screen .  
w i l l  b e  ignored. 

Causes a one-line . paper advance. I f  t h e  p r i n t e r  is p r i n t i n g ,  
t h e  PAPER ADV key w i l l  b e  ignored. 

I f  t he  p r i n t e r  is print,ing, t h e  - PRINT key 

I 

-- 
To e n t e r  numbers on d a t a  e n t r y  screens .  
To s k i p  an e n t r y  on a d a t a  e n t r y  screen.  ENTER advances t h e  
c u r s o r  t o  t h e  nex t  e n t r y  on t h e  d a t a  e n t r y  screen .  
To s t e p  t o  t h e  next  s c r e e n  i n  a sequence of  sc reens .  
To i n i t i a t e  an a c t i o n  o r  c y c l e ,  such as a mini-cal  or a 
g a s / f l u i d  p r i m e ,  o r  to abort a sequence. 
To i n c r e a s e  t h e  Analog Mul t ip lexer  Channel Number on t h e  
S y s  t e m  Tes t s c r e e n s  . 
To d e l e t e  numbers on d a t a  e n t r y  screens .  
To e x i t  from a screen .  
To a b o r t  a sequence i n  progress .  

A s  a decimal  p o i n t  when e n t e r i n g  numbers. 
As a s e p a r a t o r  i n  t h e  P a t i e n t  I .D. ,  access ion  number, and 
t i m e  drawn ( i n s t e a d  o f  a hyphen, s l a s h ,  space, or colon)  . 
To dec rease  t h e  Analog Mul t ip lexer  Channel Number i n  t h e  
Sys t e m  T e s t  sc reen .  
To reca l l  "blanked" screen  (see Sec t ion  1.2). 

Numeric en t r y  . 
Menu Se l e c  t ion. 2.  0 -  
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-) 1.2.2 CRT Display 

The CRT D i s p l a y  d i s p l a y s  sc reens  of  in format ion  on system f u n c t i o n s ,  how t o  
access  system. f u n c t i o n s ,  and p a t i e n t  r e s u l t s .  
more than 30 minutes ,  t h e  computer w i l l  au tomat i ca l ly  "blank" t h e  CRT t o  
minimize wear t o  t h e  u n i t .  I n  t h i s  s i t u a t i o n ,  p re s s ing  t h e  key w i l l  r e c a l l  
t h e  sc reen  t h a t  was "blanked." 

I f  t h e  ins t rument  i s  i d l e  f o r  

. .,.,. <.,. 

... 

NOTE: P re s s ing  keys o t h e r  than , w i l l  recall t h e  previous sc reen  a l s o ,  
b u t  may a c t i v a t e  func t ions  on t h e s e  screens .  

1.2.3 Ins t rument  S t a t u s  L i g h t  

The Ins t rument  S t a t u s  L i g h t  enables  you t o  monitor ins t rument  r e a d i n e s s  
wi thout  having  t o  access  t h e  S t a t u s  s c r e e n s ,  o r  without  having-  t o  r e c a l l  a 
"blanked" d i sp lay .  The l i g h t  is: 

. Green when ready f o r  an a n a l y s i s  - 
Flash ing  Green when e i t h e r :  

1. There is less than  10 minutes u n t i l  an  
Auto-Cal (au tomat ic  c a l i b r a t i o n )  o r ,  

2. More than  2 hour s  has  passed s i n c e  t h e  las t  c a l i b r a t i o n  and 
samples are be ing  analyzed a t  a rate o f  g r e a t e r  than 1 every  
5 minutes  

. 

- Red when t h e  system is unca l ib ra t ed  o r  n o t  temperature  
e q u i l i b r a t e d  ( t h e  NOT READY sc reen  is  d isp layed)  

F lash ing  Red when t h e  ins t rument  i s  i n  Program F a i l  

- Off. when t h e  ins t rument  is i n  reset o r  is unplugged 
c>.~','h, 

An a n a l y s i s  can be performed when t h e  l i g h t  is green or f l a s h i n g  green. When 
t h e  l i g h t  i s  r e d ,  t h e  r e s u l t s ,  i f  any, may n o t  be  v a l i d .  
f l a s h i n g  r e d ,  press CLEAR t o  reset t h e  ins t rument  and poss ib ly  c o r r e c t  t h e  
problem; in t h i s  s i t u a t i o n ,  a l l  s e t - u p  parameters  a r e  l o s t .  
cont inues  t o  f l a s h  r e d ,  contact.NOVA Biomedical Technica l  Se rv ice .  

If. t h e  l i g h t  is 

I f  t h e  l i g h t  

1.2.4 A n a l y t i c a l  Compartment 

The A n a l y t i c a l  Compartment con ta ins  s h e  e l e c t r o d e s  and t h e  components of t h e  
flow pa th ,  which a r e  t h e  Sampler Probe, Septum Assembly, Sample P r e h e a t e r ,  
Flow C e l l  and tub ing  harnesses  t o  b r i n g  t h e  samples and s t anda rds  i n  c o n t a c t  
with t h e  e l e c t r o d e s .  The Barometric P res su re  Module, G a s  Humidifier Wells, 
Reference E l e c t r o d e ,  Reagent P r e h e a t e r ,  and temperature  r e g u l a t i o n  devices  a r e  
a l s o  conta ined  i n  t h i s  compartment. The compartment is the rmos ta t t ed  to 
370 c. 
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1 .  
2, 
3 .  
4 .  

5- 

Figure 1.3 Analytical  Compartment 

Reagent Harness 
Reagent Preheater . 
Gas Humidifier Wells 
Septum Harness 
Sample Probe 
S e p  turn A s  semb l y  
Electrode Rack Assembly 

8. Sample Preheater 
9 .  Flow C e l l  
10. Electrodes 
11. Reference Electrode 
12. W/R Harness 
13 , Barometric Pressure Module 
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1.2.4.1 Reagent P r e h e a t e r  

The Reagent P rehea te r  p rehea t s  t h e  Reagent Pack f l u i d s  and t h e  gases  t o  
370 c. 

1.2.4.2 G a s  Humidif ier  Wells 

The Humidifier Wells c o n t a i n  de ionized  water which t h e  gases  are bubbled 
through f o r  humid i f i ca t ion  and v i s u a l  conf i rmat ion  o f  gas flow. 

1.2.4.3. Sampler Assembly 

_ . . .  .. .. .. . The Sampler Assembly c o n s i s t s  o f  t h e  Sampler Probe,  Septum Assembly, Sampler 
Housing, and Stepping  Motor. 
Housing and Septum Assembly b y  a c t i o n  of  t h e  s tepping  motor. 
Septum Assembly, a s p i r a t i o n  o f  r e a g e n t s  and gases  occurs  by moving t h e  probe 
t o  t h e  appropr i a t e  compartments wit l i in  t h e  Septum Assembly. 
Septum assembly, t h e  Sampler Probe a l lows  p resen ta t ion  o f  s y r i n g e s ,  c a p i l l a r y  
tubes , sample cups,  vacuum tubes  or expi red  a i r  samples. 

The Sampler Probe moves through. t h e  Sampler 
I n s i d e  t h e  

Outside t h e  

.....,.,. > 

The Septum Assembly is comprised o f  6 septa-walled compartments, i n t o  which 
flow t h e  appropr i a t e  gas o r  s t anda rd  soLutions for Sampler Probe access. 

1.2.4.4 Sample P r e h e a t e r  0) 
The Sample P rehea te r  p rehea t s  samples and reagents  t o  37OC. 
con ta ins  t h e  Hematocri t  Impedance E lec t rode  and two a i r  de t ec to r s .  A 
backpla te  extending from t h e  Sample p r e h e a t e r  serves t o  hold the  Flow C e l l  and 
t h e  Reference e l e c t r o d e  . 

In a d d i t i o n ,  i t  

1.2.4.5 Flow C e l l  

The Flow C e l l  houses  t h e  e l e c t r o d e s  i n  a c l e a r  block wi th  a prism s u r f a c e  to  
enable  v i s u a l  d e t e c t i o n  of c l o t s  and a i r  bubbles. 

1.2.4.6 Electrodes 

The e l e c t r o d e s  housed i n  t h e  Flow C e l l  form the  c o r e  of  t he  a n a l y t i c a l  s e c t i o n  
of  the  S t a t  P r o f i l e  1. A l l  e l e c t r o d e s  are o f  flow-by design t o  minimize 
sample s i z e .  The methodology o f  each e l e c t r o d e  i s  as follows in Table 1.2. 
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0 Table 1.2 S t a t  P r o f i l e  1 Electrode Methodologies 

... ..... 

Elec t rode  M e  thodo logy 

Sodium Sodium i o n - s e l e c t i v e  e l e c t r o d e  g l a s s  

Po tas sium Valinomycin i o n  exchanger membrane 

C a 1 c ium N e u t r a l  Carrier membrane e l e c t r o d e  

PH Hydrogen ion  s e l e c t i v e  e l e c t r o d e  g l a s s  

PCO2 Severinghaus-type e l e c t r o d e  

Po2 

Hct 

Po la rograph ic  Clark-type e l e c t r o d e  

Impedance E l e c t r o d e  

The e l e c t r o d e s  c l i p  i n t o  t h e  Flow C e l l  ( t h e  H c t  e l e c t r o d e  is p a r t  o f  t h e  
Sample P rehea te r )  , and t h e -  c a b l e s  p lug  i n t o  t h e  E lec t rode  Rack Assembly. 
vo l t ages  read by t h e  Nas, K, Ca*, and pH e l e c t r o d e s  are r e l a t e d  t o  a 

The 

e fe rence  ' vo l t age  from t h e  r e f e r e n c e  e l e c t r o d e .  Voltages from' t h e  PC02 and 
2 e l e c t r o d e s  are r e l a t e d  t o  t h e i r  own. i n t e r n a l  r e f e r e n c e  e l e c t r o d e s .  

1.2.4.7 Reference E l e c t r o d e  

The Reference Electrode is mounted on t h e  Sample P rehea te r  above t h e  Flow 
Cel l .  I t  is a s o l i d - s t a t e  e l e c t r o d e  cont inuously supp l i ed  with r e f e r e n c e  
s o l u t i o n  t o  provide t h e  r e f e r e n c e  , base - l ine  vo l t age  necessary f o r  r e l a t i v e  
comparisons o f  known s t a n d a r d  v o l t a g e s  t o  unknown sampIe vo l t ages .  
p o r t  f o r  the flow path is l o c a t e d  on t h i s  e l ec t rode .  

m 
The e x i t  

...*,. .,. 

1.2.4.8 Barometric P r e s s u r e  Module 

The Barometric P r e s s u r e  Module, l o c a t e d  on t h e  l e f t  s i d e  of t h e  E l e c t r o d e  Rack 
Assembly, con ta ins  a barometer which cont inuously monitors t h e  ba romet r i c  
pressure.  This  barometer can b e  c a l i b r a t e d  a g a i n s t  an e x t e r n a l  barometer i f  
d e s i r e d  ( S e c t i o n  3.2.3). 
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') 1.2.5 Reagent Flow C o n t r o l l e r s  

The Reagent Flow C o n t r o l l e r s  a r e  loca t ed  on the  F lu ids  Deck under t h e  
p l e x i g l a s s  cover  a s  shown i n  F igure  1.4. 
Valve, and Pump Bypass Valve. 
s e c t i o n s  . 

The c o n t r o l l e r s  are t h e  Pump, Pinch 
These components a r e  descr ibed  i n  t h e  fo l lowing  

0 

.. ..".> 

.. .... 

..., \i., 
1. Pinch Valve 
2. Pump 
3. Pump Bypass Valve 

F igure  1.4 Reagent Flow C o n t r o l l e r s  

1.2.5.1 Pinch Valve 

The Pinch Valve c o n t a i n s  fou r  tub ing  pinch s t a t i o n s  which a r e  c o n t r o l l e d  by a 
motor d r iven  c a m .  The v a l v e  r e g u l a t e s  t he  flow of  s tandards  A ,  B ,  C ,  and D 
from t h e  Reagent Pack. When t h e  va lve  pos i t i on  is c losed ,  t h e  va lve  p r e s s u r e  
p l a t e  i s  extended a g a i n s t  t h e  va lve  pinch bar  and the  tube is pinched c losed .  
When t h e  v a l v e  p o s i t i o n  is open, t h e  va lve  p re s su re  p l a t e  i s  r e t r a c t e d  from 
t h e  valve pinch b a r  and t h e  tub ing  is open, a l lowing r eagen t s  t o  flow. 
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1.2.5.2 Pump 

pump uses  p e r i s t a l t i c  a c t i o n  t o  draw t h e  f l u i d s  through t h e  tub ing  and the  e? ow path. The  s t epp ing  motor,  which d r i v e s  the  pump, moves a t  low, medium 
low, medium h igh ,  and h igh  speeds. The pump r o l l e r  assembly c o n t a c t s  t h e  
waste l i n e  t o  draw t h e  s t anda rds  or samples  through t h e  W l i n e  and r e f e r e n c e  
s o l u t i o n  from t h e  Reagent Pack through the  R l i n e  i n t o  t h e  Reference e l e c t r o d e .  

1.2.5.3 Pump Bypass Valve 

The Pump Bypass Valve c o n t a i n s  a pinch va lve  which al lows gas  to  - b y p a s s  t he  
pump (gas  cannot  flow by p e r i s t a l t i c  a c t i o n )  and flow through a bypass tub in2  
segment i n  t h e  W/K harness .  

, . . . .  

1.2.6 P r i n t e r  

The p r i n t i n g  mechanism on t h e  sample r /p r in t e r  uses a h e a t  s e n s i t i v e  p a p e r  and 
a LOO d o t  thermal  pr inthead.  The p a p e r  is d r iven  p a s t  t h e  pr in thead  by a 
s t e p p i n g  motor. The a c t u a l  p r i n t i n g  of d a t a  or information is done by 
ene rg iz ing  t h e  proper  sequence’of  d o t s  a t  t h e  proper place on the pape r .  
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) 1.3 Operat ion O v e r v i e w  

The S t a t  P r o f i l e  1 is  an automatic ,  microcomputer-based s y s t e m  f o r  analyzing 

^ . . .  . 

:. ,......* 

samples f o r  Blood G a s ,  E l e c t r o l y t e s ,  and Hematocrit.  
through t h e  keypad, .al lowing e n t r y  of d a t a  and i n s t r u c t i o n s  i n  response t o  
system in fo rma t ion  d i s p l a y e d  on t h e  CRT. 

Access t o  t h e  system is 

Af te r  t h e  in s t rumen t  i s  s e t  u p  and c a l i b r a t e d ,  t h e  CRT d i s p l a y s  t h e  READY FOR 
ANALYSIS s c r e e n  s i g n i f y i n g  t h a t  the instrument i s  r eady  t o  begin a n a l y s i s  of 
samples. 
sample, then p r e s s e s  ANALYZE aga in  t o  begin t h e  a n a l y s i s  cycle .  
sample is moved through t h e  flow path t o  t h e  e l e c t r o d e s ,  t h e  e l e c t r o d e  
m i l l i v o l t  v a l u e s  are measured and e r r o r  messages generated i f  any problems a r e  
de t ec t ed .  P a t i e n t  d a t a  is en te red  by t h e  o p e r a t o r ,  c a l c u l a t i o n s  f o r  measured 
r e s u l t s  are performed, and t h e s e  r e s u l t s  are i n  t u r n  used f o r  computing the  
c a l c u l a t e d  r e s u l t s .  

The o p e r a t o r  p re s ses  ANALYZE t o  extend t h e  probe, p r e s e n t s  t h e  
A f t e r  t h e  

A two-point c a l i b r a t i o n  e s t a b l i s h e s  t h e  e l e c t r o d e  s l o p e s  t h a t  sample 
c a l c u l a t i o n s  are based on. 
every 2 hours.  A one-point c a l i b r a t i o n  is performed a f te r  every sample i n  t h e  
s i n g l e  throughput  mode. 
c a l i b r a t i o n  is performed every 30 minutes as long as samples are analyzed a t  a 
r a t e  of a t  l eas t  one p e r  15 minutes; i f  over 15 minutes e l a p s e s  without  a 
sample a n a l y s i s ,  a one-point c a l i b r a t i o n  will a u t o m a t i c a l l y  be performed a f t e r  
t h e  nex t  sample. 
d i f f e r e n c e  between t h e  one-point c a l i b r a t i o n  s t anda rd  and t h e  p a t i e n t  sample  
t o g e t h e r  with t h e  e l e c t r o d e  s l o p e  from t h e  l a s t  two-point c a l i b r a t i o n .  
one-point c a l i b r a t i o n  is  a l s o  used - t o  check f o r  unacceptable  e l e c t r o d e  d r i f t  
( e l e c t r o d e  d r i f t  is d e f i n e d  as a small change i n  e l e c t r o d e  s i g n a l  over ti-, 
t h e  s l o p e  remaining cons t an t ) .  
measured and c a l c u l a t e d  r e s u l t s  are d i sp layed  on t h e  CRT and p r i n t e d  out .  

The instrument performs a two-point c a l i b r a t i o n  

I n  t h e  normal throughput mode, a one-point 

P a t i e n t  r e s u l t s  are c a l c u l a t e d  u s i n g  t h e  m i l l i v o l t  

The 
1 

Afte r  t h e  one-point c a l i b r a t i o n  c y c l e ,  

The fol lowing in-depth d e s c r i p t i o n  of t h e  two-point c a l i b r a t i o n  can a l s o  s e r v e  
as an example f o r  what happens during a one-point c a l i b r a t i o n  and sample 
cycle .  

Af t e r  c a l i b r a t i o n  is  i n i t i a t e d ,  t h e  Pump Bypass Valve opens and t h e  probe t i p  
moves t o  t h e  gas  s t a n d a r d s  p o s i t i o n  i n  t h e  Septum Assembly. An i n t e r n a l  gas 
va lve  a l lows  Gas A i n t o  t h e  system. The gas  is humidif ied b e f o r e  flowing i n t o  
t h e  flow pa th  where t h e  PCO;! and PO2 e l e c t r o d e s  t a k e  t h e  m i l l i v o l t  
readings.  This  sequence is r epea ted  f o r  gas B ,  e s t a b l i s h i n g  t h e  second of t h e  
two c a l i b r a t i o n  p o i n t s  f o r  t he  PC02 and PO2 e l e c t r o d e s .  The gas is  then 
purged o u t  o f  t h e  system and t h e  Pump Bypass Valve c l o s e s .  

Refer  t o  F igu re  1.5 throughout t h i s  d e s c r i p t i o n .  

The Pinch Valve opens l i n e  B from t h e  Reagent Pack. The Sample r  Probe t i p  
moves t o  t h e  Standard B p o s i t i o n  i n  the Septum Assembly, t h e  pump t u r n s ,  
Standard B is a s p i r a t e d  through t h e  Sample P r e h e a t e r ,  and t h e  A i r  Detectors  
check f o r  proper  r e a g e n t  flow. During a s p i r a t i o n  t h e  pump simultaneously 
pumps Reference S o l u t i o n  i n t o  t h e  Reference E lec t rode .  The pH and Hematocrit 
e l e c t r o d e  m i l l i v o l t  r ead ings  a r e  taken. 
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. . . .  

if 
lT I PUMP 

The peristaltic pump rotates to 
draw in Reference Solution and 
aspirate the flow path. 

. -  
R W  

---REF. ELECTRODE 

-- ELECTRODES 

I I 

PROBE 

SEPTUM ASSEMBLY 
The probe moves inside the 
Septum Assembly to access 
the appropriate reagent or 
solution; it moves outside the 
Septum Assembly to aspirate 
samples. 

- -  

F i g u r e  1.5 F l u i d i c  Diagram 
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I n  a s i m i l a r  f a sh ion ,  t h i s  sequence is  repea ted  f o r  Standard A ,  e s t a b l i s h i n g  

p o i n t  f o r  t he  Hematocrit  e l e c t r o d e  is taken when Standard C is read) .  
F i n a l l y ,  t h e  sequence is performed f o r  t h e  Na, K, and Ca* e l e c t r o d e s ,  us ing  
Standard D f o r  t h e  f i r s t  c a l i b r a t i o n  p o i n t  then Standard C f o r  the  second 
c a l i b r a t i o n  po in t ,  

-’the second of t h e  two c a l i b r a t i o n  p o i n t s  f o r  t he  pH e l e c t r o d e  ( t h e  second 

A barometer provides  cont inuous p r e s s u r e  r ead ings  which are  used i n  t h e  
c a l c u l a t i o n  of  blood gas  r e s u l t s .  
37.0° C, An i d l e  sequence is performed if t h e  ins t rument  i s  i d l e  f o r  more 
than  30 minutes, Th i s  sequence main ta ins  the  e l e c t r o d e s  i n  the  a p p r o p r i a t e ,  
r e f r e s h e d  medium -- f l u s h  s o l u t i o n  f o r  t h e  N a ,  K ,  Ca*, and pH e l e c t r o d e s  
and Gas A f o r  t h e  PCO;! and Pop e l e c t r o d e s ,  

The a n a l y t i c a l  compartment is c o n t r o l l e d  a t  

. ... . ,..... .. .... 

, , :. ” .. ,. 
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1.4 Program Overview 

o p e r a t o r  c o n t r o l s  t h e  i n s  trument by access ing  t h e  d e s i r e d  program 
This  occur s  through use  of t he  membrane keypad i n  response t o  the  

ZRT d i sp lay .  The program is  accessed to: 

Analyze a Sample 
C a l i b r a t e  t he  Instrument 
Perform Maintenance 
S e t  Instrument  and T e s t  parameters 
Diagnose a Problem 

The instrument  CRT s c r e e n s  are e i t h e r  information on a func t ion  t h a t  i s  being 
o r  has  been performed, g e n e r a l  l ists  o f  func t ion  o p t i o n s  (known a s  menus), 
information t o  enab le  changing system o r  test parameters, or p a t i e n t  r e s u l t s .  
An exp lana t ion  o f  how t h e s e  d i s p l a y  sc reens  f i t  t o g e t h e r  and t h e  number or 
func t ion  key t o  p r e s s  t o  move through the  sequence o f  func t ions  is shown on 
t h e  s c r e e n  map on t h e  qu ick  r e f e r e n c e '  card. 

. .  

A l l  ins t rument  s c r e e n s  c o n t a h  information on h a s  .to move t o  t h e  next  r e l e v a n t  
s c reen  and how t o  e x i t  t h e  screen. The s c r e e n  t h a t  most sequences o f  s c r e e n s  
must begin from is  t h e  READY FOR ANALYSIS screen.  An i n t r o d u c t i o n  t o  t h i s  
s c r e e n  and t h e  S t a t u s  and Main Menu s c r e e n s  is as follows. I 
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1.4.1 READY (NOT READY) FOR ANALYSIS 

The READY FOR ANALYSIS s c r e e n  te l ls  whether t h e  instrument  is  ready t o  perform 
an a n a l y s i s  w i t h i n  t h e  parameters s e l e c t e d  by TEST SEUCT, When t h e  NOT READY 
ver s ion  o f  t h i s  s c r e e n  is d i sp layed  ( s e e  Sec t ion  2.1.1), i n i t i a l i z e  t h e  
program p e r  S e c t i o n  2.1.1. 

. .. .... 

.. .,.,. 

READY FOR ANALYSIS 

Analysis  mode 
I n i t i a l  set up s t e p s  necessa ry  (when 
instrument  i s  not  ready) 
When ready f o r  an a n a l y s i s ,  information on how 
t o  begin t h e  a n a l y s i s  
Uncal ibrated e l e c t r o d e s  
Time t o  nex t  Auto-Cal . 
Number of ana lyses  remaining i n  t h e  Reagent 

8 Date and t i m e  
Pack 

The fo l lowing  in fo rma t ion  is displayed:  
, a!!. 

104.2 STATUS 

The 4 S t a t u s  s c r e e n s  are  as follows: 

Sensor S t a t u s  
Sequence E r r o r s  
System E r r o r s  
System S t a t u s  

These s c r e e n s  are accessed i n  a c y c l i c  fashion;  r e p e a t e d l y  p r e s s i n g  ENTER o r  
STATUS w i l l  c y c l e  you through the  screens.  The sc reens  can b e  accessed a t  any 
t i m e  d u r i n g  an  a n a l y s i s ,  c a l i b r a t i o n  o r  i d l e  sequence. P r e s s  CLEAR t o  l eave  
any S t a t u s  s c r e e n  and r eca l l  t h e  sc reen  t h a t  preceded access of t he  S t a t u s  0 

screen.  
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1,4.2,1 SENSOR STATUS 

e Sensor S t a t u s  s c r e e n  is t h e  f i r s t  s c reen  d isp layed  when STATUS is pressed,  0 
f 

SoJsOn STATUS 

C GU 0.0 r p H  O f f  @ *10.1 
O f f  h 9.9 c OK 0.0 x - 3 3  C OK 0.0 % O f f  Q 

* I O 4  c w * 0.0 a. O f f  !& 
9.4 C ON 0.0 Z O f f  & 

O f t  QQ 

* a . o  c 01( q.0 :f O f f  h 

c OK 0.0 x t10.1 
*45.0 C OK 
*40.2 c ov. 

SENSOR STATUS 

. . . . . ,. 
. .. .. - . 

This  s c r e e n  provides  t h e  fol lowing information: 

Sequence i n  Progress  
Time t o  Completion of Sequence 
Slopes of  each e l e c t r o d e  and a i r  d e t e c t o r  d e l t a  

S t a t u s  of  each e l e c t r o d e  and a i r  d e t e c t o r  - minor o r  
m i  11 ivo  1 t s 

major e r r o r  occurance f o r - l a s t  c a l i b r a t i o n  o r  a n a l y s i s  
c y c l e  

C o r  UC - I n d i c a t e s  whether an e l e c t r o d e  is 
c a l i b r a t e d  or unca l ib ra t ed  

E o r  OK - I n d i c a t e s  whether an e r r o r  has  occured 
on that  e lectrode  (major or minor, ca l ibrat ion  or 
a n a l y s i s )  

Report ing s t a t u s  of e l e c t r o d e  - i f  r e s u l t s  a r e  be ing  

E lec t rode  o f f s e t s  
r epor t ed  for t h e  p a r t i c u l a r  parameter 
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-) 1.4 -2 -2 SEQUENCE ERRORS 

The Sequence E r r o r  s c r e e n  is  accessed from t h e  Sensor S t a t u s  sc reen  by 
p r e s s i n g  ENTER. 

0 

Press 0 to Clear Srstm Errors. 

I 
Press M E R  for N e x t  Sereen, UEIWI to E x i t .  

I7  Sep 85 9134112 

.%A,.^. 

SEQUENCE ERRORS 

_ -  

This screen l ists  sequence e r r o r  codes (which are mainly e l e c t r o d e  o r  f l u i d i c  
i n  n a t u r e )  from t h e  l a s t  a n a l y s i s  ( l a b e l e d  Ana lys i s )  and €tom c a l i b r a t i o n s  and 
o t h e r  o p e r a t i o n s  ( l a b e l e d  Other). The screen is updated wi th  each c a l i b r a t i o n  
and a n a l y s i s .  
t h i s  s c reen ,  

Refer  t o  Sec t ion  6.1 f o r  a d i s c u s s i o n  of t roub le shoo t ing  with 

,"".... 

E.4-2.3 SYSTEM ERRORS 

The System E r r o r s  s c r e e n  is accessed from t h e  Sequence E r r o r  s c reen  by 
p r e s s i n g  ENTER. - 

SYSTEM E RKORS 

System e r r o r  codes a r e  hardware o r  so f tware  r e l a t e d .  These codes can occur a t  
any time--during c a l i b r a t i o n ,  a n a l y s i s ,  o r  du r ing  an i d l e  se uence. 
e r r o r  codes do not  c l e a r  au tomat i ca l ly .  Refer to Sec t ion  6.1  f o r  a d i s c u s s i o n  
o f  t roub le shoo t ing  w i t h  t h i s  screen.  

These 
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'-,4.2.4 SYSTEM STATUS 

System S t a t u s  s c r e e n  is accessed  from t h e  Sys tem E r r o r  sc reen  by pressing Q!L*. - 

A i r  Batb Teaperatwe: . 37.0° C 
Reheater  Teapwature: 37.0° C 

B a r m e t r i c  Pressure 7SS.4  ad^ 

......... 

. - .. .. .. 

SYSTEM STATUS 

.*. This  sc reen  provides  t h e  fo l lowing  informat ion:  . .  

. .  

C a l i b r a t i o n  f low t h e  
Analys is  f low t i m e  
A i r  b a t h  temperature  
P r e h e a t e r  temperature  
Barometr ic  p r e s s u r e  
Time u n t i l  nex t  Auto-Cal 
Number o f  ana lyses  remaining in Reagent 
Pack 

- -  

>.a,.,.. P r e s s i n g  E m , R  again  r e t u r n s  you t o  t h e  Sensor  S t a t u s  sc reen  and completes t h e  
. cycle ,  



1.4.3 M A I N  MENU 

The Main Menu is  accessed from t h e  READY (NOT READY) FOR ANALYSIS s c r e e n  by 
pres s ing  MENU. 
i n t o  four  c a t a g o r i e s  a t  t h e  M A I N  MENU screen.  

The suppor t ing  f u n c t i o n s  of t he  instrument  are  broken down 
.' 

.. .. ., . . 

M I N  HENU 

1 Operation Menu 

2 Hatntenance &nu 

3 k r u i c e  &nu 

4 k t  Up &nu 

Prmr CtsM t o  €act. 

17 k p  85 9131185 

- -  

MAIN MENU 

By p r e s s i n g  L, 2, 2, o r  2, you select t h e  Operat ion,  Maintenance, Se rv ice ,  or 
Set-up menu r e s p e c t i v e l y . .  Each o f  t h e s e  menus d i s p l a y s  a l i s t  o f  numbered 
f u n c t i o n s  f o r  keypad s e l e c t i o n .  
i n  t h e  a p p r o p r i a t e  s e c t i o n  o f  t h i s  manual. 

The Main Menu (and t h e  MENU key) may b e  bypassed by p r e s s i n g  t h e  a p p r o p r i a t e  
d i g i t  ( 1 = Operat ion,  2 = Maintenance, atc.) from t h e  READY FOR ANALYSIS 
s c r e e n ,  

Each menu and t h e i r  func t ions  are  explained 

.""" 

1- 19 



2 PROGRAM INITIALIZATION 

This  s e c t i o n  covers  i n i t i a l i z a t i o n  o f  t h e  program from the  READY (NOT READY) 
FOR ANALYSIS s c r e e n  and from the S e t  Up menu. Also,  r e i n i t i a l i z a t i o n  a f t e r  a 
power l o s s  is covered. 

~ 

2 .1  Analysis  I n i t i a l i z a t i o n  

2.1.1 READY FOR ANALYSIS I n i t i a l i z a t i o n  

When t h e  NOT READY sc reen  is d i s -  f \ 

played, t h e  ana lyze r  is n o t  ready 
t o  perform an a n a l y s i s .  Cor rec t  
t h e  d i sp layed  e r r o r  messages as 
follows : 

. X G ”  

1. 

2 .  

‘ 3 .  

NOTREAOY ’ 

EL000 6As ELECTROLYTES 

Oate l l ine  Not Set 
Set Up Required 

Verify CaI 61s Values 
ReaQent fac t  Gnpty 
A i r  Bath Not Ready 

Sample Preheater Rwored 
Sy8t.a Uncalibrated 

Check B u m e t r i c  Pressure 

29 f l inutes t o  Next Auto-CaI. ’ 

210 Analyses Rmaining i n  Reagent Pack 

14 Nou 85 15:21:53 

d 

NOT READY 

DATE/TIME NOT SET 

S e t  d a t e  and t i m e  pe r  Sec t ion  3.2.4. 

SYSTEM SET UP REQUIRED 

An abbrev ia t ed  se t  up procedure is o u t l i n e d  here,  i n  which t h e  
f ac to ry - se t  set up s e l e c t i o n s  a te  entered.  Refer t o  Sec t ion  2.2 t o  
perform a system program set  up t o  your l a b o r a t o r i e s ‘  requirements.  
Defau l t  t o  the  f a c t o r y  set-up selections as follows: 

a. P r e s s  MENU, e n t e r i n g  t h e  M A I N  MENU screen.  
b. P r e s s  4, access ing  the System S e t  Up ENTER SYSTEM PASSWORD screen.  
C. Key in-0 ( z e r o ) ,  t h e  f ac to ry - se t  password. 

- 
d. P r e s s  ENTER. 
e. P r e s s  CLEAR 2 t i m e s  to  r e t u r n  t o  the  NOT READY screen. 
- - 

CAL CAS VALUES REQUIRED 

Enter  t he  c a l i b r a t i o n  gas values  as follows: 

a. Press MENU, a cces s ing  the  main menu. 
b, P r e s s  2 ,  access ing  the  MAINTENANCE MENU screen.  
c. P r e s s  g, access ing  the SET CALIBRATION GASES sc reen .  
d. S e t  th; gas  c a l i b r a t i o n  v a l u e s  as  read off the gas c y l i n d e r s  ( s e e  

e .  P r e s s  CLEAR 5 i i m g s  t o  r e t u r n  to  the NOT READY screen,  
a l s o  Table 7 2 e r  s e c t i o n  5.1.8. 
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4. REAGENT PACK EMPTY 

S t a r t  up t h e  Reagent Pack as fol lows:  0 
a. P r e s s  MENU, a c c e s s i n g  the  M A I N  MENU screen.  
b. P r e s s  2 ,  a c c e s s i n g  t h e  MAINTENANCE MENU screen. 
C. Press F, a c c e s s i n g  t h e  REAGENT PACK screen. 
d. Check Tha t  t h e r e  is a f u l l  Reagent Pack i n  the  analyzer.  
e. En te r  t h e  number o f  a n a l y s e s  expected from the Reagent Pack p e r  

f .  P r e s s  - ENTER, s e t t i n g  t h e  ana lyses  remaining counter.  
g. P r e s s  CLEAR 3 t i m e s  t o  r e t u r n  t o  t h e  NOT READY screen. 

- 

Sec t ion  5.1.9. 

5 . AIRBATH NOT READY 

.. C..i',',. - -  
- .  The Airbath temperature  h a s  n o t  s t a b i l i z e d  a t  37O C.. Check t h a t  

t he  door i s ' c l o s e d .  
C ,  t h i s  message w i l l  d i s appea r .  

When t h e  Ai rba th  temperature s t a b i l i z e s  a t  37O 

- -  6 .  SAMPLE PREHEATER NOT READY 

The Sample P r e h e a t e r  temperature  h a s  no t  s t a b i l i z e d  a t  37O C. Ver- 
i f y  t h a t  t h e  assembly is f i r m l y  s e a t e d  on t h e  e lec t r ica l  connector  
and t h a t  t h e  door is closed.  When t h e  Sample P r e h e a t e r  temperature  
s t a b i l i z e s  a t  37O C, t h i s  message w i l l  d isappear .  

7. SYSTEM UNCALIBRATED 0 Perform a whole blood c o n d i t i o n i n g  c y c l e  per  Sec t ion  5.1.5 then p r e s s  -- CAL, ENTER t o  i n i t i a t e  a f u l l  two-point c a l i b r a t i o n  with gas  and 
Liquid c a l i b r a t o r s .  I f  t h e  message r e c u r s  press CAL, ENTER aga in  t o  
perform a second two-point c a l i b r a t i o n .  I f  t he  message s t i l l  r e c u r s  
t roub le shoo t  t h e  problem p e r  S e c t i o n  6.3. 

-_I_ 

8 .  CHECK BAROMETRIC PRESSURE 
.,>.:.,... 

T h i s  message will appea r  i f  the a n a l y z e r  has r e v e r t e d  to  the Defau l t  
Barometric Pressure, o r  i f  t h e  Manual Barometric P res su re  mode h a s  
been s e l e c t e d  and t h e  power has  been off for a t  least  5 seconds. To 
clear . t h i s  message, manually set  t h e  Barometric P res su re  as d e s c r i b e d  
i n  Sec t ion  3.2.3. The D e f a u l t  Barometric P r e s s u r e  is covered i n  Sec- 
t i o n  2.2 - 7 ,  and t h e  Manual/Auto Barometr ic  P res su re  modes are covered 
in Sec t ion  2.2.8. 

Upon s u c c e s s f u l  completion o f  t h e  c a l i b r a t i o n ,  t h e  READY FOR ANALYSIS s c r e e n  
w i l l  appear s i g n i f y i n g  t h a t  t h e  a n a l y z e r  is  ready t o  analyze samples. 
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\ 

R W Y  FOR *EyKYSIS 

BLOOD GAS ELECTROtffES 

Press P1MYZE to  Lstend Probe. 

Press TEST SELECT to  Chanp. Mode. 

27 Hinutes to  M r t  Auto-CaI. 

3SO Analyses Remnrcatng In Reagent PbCK. 

I7  Sep 8S 13rM:SI 

READY FOR ANALYSIS 
. -  

The READY FOR ANALYSIS s c r e e n  is t h e  primary o p e r a t i n g  sc reen  of t h e  a n a l y z e r ,  
d i s p l a y i n g  informat ion  a s  to: 

T e s t s  s e l e c t e d  
E r r o r  messages 
Uncal ibra ted  e l e c t r o d e s  
Time remaining u n t i l  an a n a l y z e r - i n i t i a t e d  
au toca  l i b r a t i o n  
Number of tests remaining i n  Reagent Pack 
Date and t i m e .  

2 . 1.2 Barometer Check 

Check the  barometr ic  p r e s s u r e  as fol lows:  
* 

1. Pres s  STATUS r e p e a t e d l y  t o  c y c l e  thro lgh  t h e  S t a t u s  sc reens  t o  the  Sys- 
t e m  S t a t u s  screen .  

2.  Note t h e  barometr ic  p r e s s u r e  d i sp layed  i n  t h i s  screen.  The barometr ic  
p re s su re  r ead ing  should a g r e e  w i t h i n  + 2 mm mercury with a r e l i a b l e  
r e fe rence  va lue  such a s  a l ab  barometTr o r  an a l t i t u d e - c o r r e c t e d  wea- 
t h e r  bureau reading.  If t h e  d i sp layed  p res su re  is unacceptab le ,  r e f e r  
to  Sec t ion  3.2.3 t o  change t h e  value.  

2-3 



2.2 S e t  Up Menu 

-ess the  Se t  Up menu to  se t  up t h e  ana lyze r  t o  your l a b o r a t o r i e s '  requi re -  ats. The menu i s  a l s o  accessed whenever t h e  ana lyze r  l o s e s  power with the  
i n t e r n a l  b a t t e r y  d ischarged  ( s e e  Sec t ion  2.3). The menu is  comprised of :  

Defaul t  func t ions ,  which d e f i n e  what a n a l y s i s  mode, 
u n i t s  o f  measurement, or parameters the  system uses 
( d e f a u l t s  to)  un le s s  you t e l l  i t  o therwise  
R e s t r i c t i o n  func t ions  which al low (or disa l low)  
a n a l y s i s  modes, and i n d i v i d u a l ,  c a l c u l a t e d  and temper- 
a t u r e  r e p o r t i n g  op t ions  
S p e c i f i c a t i o n  func t ions  which d e f i n e  number of  decimal 
p l aces  r e p o r t e d ,  o f f s e t s ,  manual or automatic  o p e r a t i o n ,  
and passwords 

....I., \ ,... 
4 password, which safeguards  the  s e t  up parameters, is requi red-  t o  e n t e r  the  
S e t  Up menu. S e t  up t h e  system program as follows: 

1. From t h e  READY FOR ANAL- 
Y S I S  s c r e e n ,  p re s s  MENU t o  
access  t h e  Main Menu 
s creen. 

System S e t  Up ENTER SYSTEM 
PASSWORD screen. The 
screen d i s p l a y s  a f l a s h i n g  
c u r s o r  next  t o  t h e  p o i n t  
f o r  keying  i n  t h e  pass- 
word. 

- 
2.  P r e s s  4, access ing  t h e  

0 

._. ~ ...... . . . . .  

ENTER SYSTM PASSUORD 
. .  

Rtsr  ENTER to E n t r r  Pasword. 

Prrss t o  D r l r t t  E n t r r  or E x i t .  

17 k p  85 9136105 

ENTER SYSTEM PASSWORD 

3. Key i n  t he  password (a number) and p res s  ENTER. The ana lyzer  is  fac- - 
tory set  wi th  0 ( ze ro )  as the  d e f a u l t  password. Upon e n t r y  o f  t he  cor- 
rect passwr,rl ,  t he  SET UP %NU sc reen  is d i sp layed .  

_ .  . 

Prrss CLEAR t o  L a i t .  

17 Sro BS 10:15;32 

SET UP .WXU 
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4. See Sec t ions  2.2.1 t o  2.2.9 t o  access t h e  appropr i a t e  S e t  Up screens .  
5 .  P r e s s  CLEAR t o  r e t u r n  t o  t h e  S e t  Up menu. P r e s s  CLEAR aga in  t o  r e t u r n  

t o  t h e  Main Menu. P res s  CLEAR a g a i n  t o  r e t u r n  t o  the  READY (NOT READY) 
FOR ANALYSIS screen .  

- 0’ 
I 

I 2.2.1 S e t  Defau l t  Analys is  Mode 

.. .^.\.. 

This  sc reen  se lec ts  1 o f  5 se ts  o f  tes ts  ( a n a l y s i s  modes) a s  t he  Defau l t  Anal- 
y s i s  Mode. The o p e r a t o r  can change t h e  a n a l y s i s  mode by  press ing  TEST SELECT, 
b u t  t h e  ana lyze r  w i l l  r e t u r n  t o  t h e  D e f a u l t  Analysis  Mode a f t e r  one a n a l y s i s  
is completed. The Previous  Mode ( f u n c t i o n  5 )  is a s p e c i a l  case: t h e  d e f a u l t  
a n a l y s i s  mode is  de f ined  by  t h e  prev ious  a n y l y s i s  mode, which can be  s e l e c t e d  
with the  TEST SELECT key. - 
I n  t h i s  screen, t h e  mode which is h i g h l i g h t e d  and under l ined  is. t h e  c u r r e n t  
Defau l t  Analys is  Mode. Change t h e  Defaul t  Analys is  Made a s  follows: 

1. P r e s s  1, a c c e s s i n g  t h e  SET 
DEFAULT ANALYSIS MODE 
screen .  

corresponding t o  Blood Gas 
and E l e c t r o l y t e s ,  Expired 
G a s ,  Blood Gas Only, Elec- 
t r o l y t e s  Only, o r  Previous  
parameter  catagory.  The 
s e l e c t e d  func t ion  is high- 
l i g h t e d  t o  i d e n t i f y  i t  as 
t h e  new d e f a u l t  mode. 

3 .  P r e s s  CLEAR t o  r e t u r n  to  
t h e  Se t  Up Menu. 

2 . P r e s s  t h e  d e s i r e d  number I Blood Qas + Electrolrtcs 

2 Expired Gas 

3 wood G ~ S   ani^ 

4 Electrolrtes Only 

S Previous 

Press CLEAR to Exit. 

17 S ~ P  es 9 t m 1 1  

..., ..... 
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?.2.2 Analys is  Mode S e l e c t i o n  

s sc reen  sets the  a l lowable  a n a l y s i s  mode f o r  s e l e c t i o n  by t h e  TEST SELECT 
Th i s  s e l e c t i o n  d i sa l lows  unwanted t e s t i n g  and t h e  a t t e n d a n t  expenses i n  

t i m e  and reagents .  
a e x t  t o  t h e  s p e c i f i c  func t ion ,  de te rmines  which a n a l y s i s  modes a r e  allowed to  
b e  chosen by - TEST SELECT. 
ab le  f o r  the  d i f f e r e n t  modes a r e  given i n  Table  2.1. 

The On o r  Off s t a t e  o f  an  a n a l y s i s  mode, as  h igh l igh ted  

The tests performed and c a l c u l a t e d  r e s u l t s  ava i l -  

Table  2.1 Analys is  Mode T e s t s  
Blood Gas and E l e c t r o l y t e s  
E l e c t r o l y t e s  Expired Gas Blood G a s  Only 

Heasured Tests 

Sodium: X 
Po tas eium: X 
C a 1 c i  um : X 
pH : X 
PC02 : X 
Po2 : x 

..-..\. ' 

Hct: X 

Calcu la t ed  Values 

Sa tu ra t ion :  X 
e Excess Blood: X 
Excess ECF*: X 

Bicarbonate:  X 
S td. B'icarb .Conc . : X 
.Total  C%: X 
02 Content: X 
Normalized Cau: X 
Hernog 1 ob i n  : X 

X 
X 

X 
X 
X 

X 
'X 
.X 
X 
X 
X 
X 

X 
X 
X 
X 

X 
X* 

.i ...... %. * ECF = E x t r a c e l l u l a r  F l u i d  ' 

** Defaul t  va lue  
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) S e l e c t  the  a n a l y s i s  modes as fol lows:  a- 1. Press 2, access ing  t h e  

2 .  

ANALY SE MODE SELECTION 
screen.  
P res s  t h e  number of  t he  
a n a l y s i s  mode you wish t o  
suppress .  The h igh l igh t -  
ing  moves t o  t h e  Off co l -  
umn s i g n i f y i n g  t h a t  t h i s  
a n a l y s i s  mode i s  suppres- 
sed. To r e s t o r e  an anal-  
y s i s  m o d e  t h a t  has  been 
suppressed,  p r e s s  t h e  num- 
b e r  aga in  t o  move t h e  
h i g h l i g h t i n g  back t o  t h e  
On column. 

1 Blood 0.. flrctrolrtrs -044 P 
Off & 2 Expired Gas 

3 Blood Gas 01bI.r O f f  a, 
014 & 4 Elrctrolytrs Only 

P r t s s  CLEAR ta Exit. 

I7 Srp OS . 9:43:0S 

- -  

ANALYSIS MODE SELECTION 

3. Press CLEAR t o  r e t u r n  t o  the  SET UP MENU screen.  - 
2.2.3 I n d i v i d u a l  Resu l t  Report ing 

The Ind iv idua l  Resu l t  Report ing func t ion  i n  t h e  Se t  Up menu al lows access  t o  3 
The I n d i v i d u a l ,  Calcu la ted ,  and Blood Gas Xeasured Resu l t s  Report ing 

s c r e e n s ,  desc r ibed  as fo l lows ,  res t r ic t  i n d i v i d u a l  and c a l c u l a t e d  r e s u l t s  
r e p o r t i n g  and temperature  r e p o r t i n g  opt ions .  

) screens .  

I n d i v i d u a l  Resu l t  R e p o r t i n g -  I f  calcium, a measured parameter ,  is Off i n  t h i s  
s c r e e n ,  i t  cannot  be  s e l e c t e d  On dur ing  an a n a l y s i s  and so cannot  be  d i sp layed  . 
o r  p r in t ed  ou t  f o r  an  a n a l y s i s .  I f  calcium i s  On, then i t  can be turned On or 
Off dur ing  an a n a l y s i s  (see Sec t ion  3.1.2.1, S teps  5 - 7) .  
measured r e s u l t  r e p o r t i n g  changes on t h e  c a l c u l a t e d  r e s u l t s  r e p o r t e d ,  r e f e r  t o  
Table 2.2. 

For t h e  e f f e c t  o f  

Ca lcu la t ed  Resu l t s  - I f  BE-ECF, a c a l c u l a t e d  parameter, i s  Off i n  t h i s  s c r e e n ,  
i t  cannot  be  s e l e c t e d  On dur ing  an a n a l y s i s  and so cannot  be d i sp layed  o r  
p r i n t e d  ou t  f o r  an ana lys i s .  If BE-ECF is  On, then i t  can be turned  On o r  Off 
du r ing  an a n a l y s i s  (see Sec t ion  3.1.2.1, S teps  5 - 7) .  
r e p o r t i n g  changes which a f f e c t  t h e  c a l c u l a t e d  r e s u l t s  r epor t ed ,  r e f e r  t o  . 
Table 2.2. 

For c a l c u l a t e d  r e s u l t  

Blood Gas Measured Resu l t s  - This  s c r e e n  s e l e c t s  from 2 d i s p l a y  and p r i n t  
op t ions ,  S e l e c t i n g  Off r e s u l t s  i n  t h e  d i s p l a y  and p r i n t i n g  of  r e s u l t s  a t  
p a t i e n t  temperature  only.  S e l e c t i n g  On r e s u l t s  i n  the  d i s p l a y  and p r i n t i n g  of 
r e s u l t s  a t  both the  p a t i e n t  t e m p e r a t u E  and 37.OoC. 
accessed dur ing  s e t  up,  r e s u l t s  w i l l  be d i sp l ayed  and p r in t ed  a t  t h e  p a t i e n t  
temperature  only. 

I f  t h i s  s c reen  is  no t  
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Table  2.2 Resul t  Suppression E f f e c t s  

Suppressed Parameter Calcu la ted  Resul t  Suppressed 
e 

N a ,  K 

Ca* 

None 

nC a++ 

PH A l l  

PC02, PO2 ALL except  nca* 

HCO? TC02,, BE-B, BE-ECF, SBC, 
% S a t ,  02Ct 

%Sat  SBC, O2Ct 

. 1 ..I ... 

....- ,.,.e 

S e l e c t  I n d i v i d u a l  Resu l t  Report ing op t ions  as follows: 

1. 

0 2 .  

3 .  
4. 

From t h e  S e t  Up menu, 
p r e s s  2, a c c e s s i n g  t h e  
measured I N D I V I D U A L  RESULT 
REPORTING screen. 
Press the number cor res -  
ponding to t h e  parameter  
you wish t o  s u p r e s s  te- 
por t ing .  The h i g h l i g h t i n g  
moves t o  t h e  Off column 
s i g n i f y i n g  t h a t  the param- 
e t e r  has been suppressed.  
To r e s t o r e  a parameter  
t h a t  has  been suppressed ,  
p re s s  t h e  cor responding  
number a g a i n  t o  move i t  
back t o  t h e  On column. 

I N O l V l M w  RESULT REPORTlNO 

1 PH O f f  & 
2 Po., Off h 
3 pco2 Off & 
4 Met O f f  QQ 
I Ma* O f f  & 
6 K* off .& 
7 cat+ Off & 

Press OJTER for N e x t  Screen, CLEAR-to E x i t .  

I7 S.p. 85 9147812 

I N D I V I D U A L .  RESULT REPORTING ' 

Repeat S t ep  2 f o r  o t h e r  parameters you wish t o  suppress.  
P r e s s  ENTER and con t inue  wi th  S tep  2 of the  fol lowing procedure f o r  
Calcu la ted  R e s u l t s ,  o r  p re s s  CLEAR t o  r e t u r n  t o  the  S e t  Up menu. 
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S e l e c t  Calcu la ted  Resu l t  op t ions  as follows: 

1. From t h e  Se t  Up menu, 
p re s s  s, ENTER, access ing  
the  CALCULATED RESULT 
screen.  

2. P r e s s  t h e  number corr.es- 
ponding t o  t h e  parameter 
you wish t o  s u p r e s s  re- 
por t ing .  The h i g h l i g h t i n g  
moves t o  t h e  Off column 
s i g n i f y i n g  t h a t  t h e  param- 
e ter  has  been suppressed.  
To rest0r.e a parameter 
t h a t  has  been suppressed ,  
p r e s s  t h e  corresponding 
number aga in  t o  move i t  
back t o  t h e  On column. 

CACCWATED RESULTS 

1 BE-ECF 041 h 
2 BE-B 014 pn 
3 sec O f f  h 
s TCO O i f  p?r 

7 0 ct Off Q!l 

4 K O 3 -  O f f  pn 

8 mi?*.. O f f  & 

4 02 gat 011 h 

R e 8 8  M E R  for N t x t  Screen, CLWR t o  E x i t .  

I 4  Nou SS 22113141 

. .  

CALCULATED RESULTS 

3. Repeat S t ep  2 f o r  o t h e r  parameters  you wish t o  suppress .  
4. P r e s s  ENTER and cont inue  wi th  S.tep 2 of  t h e  fol lowing procedure f o r  

Blood Gas Measured r e s u l t s ,  or pres s  CLEAR t o  r e t u r n  t o  the  S e t  Up menu. 

S e l e c t  Blood Gas Measured Resu l t  op t ions  as follows. Refer t o  3.1.2.1, S t eps  
,) 

9 h 10 f o r  the 2 s e t s  of r e s u l t s  s c reens  t h a t  are poss ib l e ,  and t o  F igure  3.2 
for t he  2 p o s s i b l e  p r i n t o u t s .  

1. From the S e t  Up menu, 
press 2, ENTER, ENTER, 
access ing  t h e  BLOOD GAS 
MEASURED RESULT screen.  

2, P r e s s  L t o  move the ’ 

h i g h l i g h t i n g  t o  E, 
d i s p l a y i n g  and p r i n t i n g  
r e s u l t s  a t  bo th  37.0 C 
and p a t i e n t .  temperature .  
P res s  L a g a i n  to move t h e  
h i g h l i g h t i n g  t o  Off ,  
d i s p l a y i n g  and p r  m t  ing  
r e s u l t s  a t  p a t i e n t  
temperature only.  

‘. 

BLOOD GAS MEASURED RESULTS 

I Results )hawred a t  37.0 % a QN 

Press M E R  for Next  Screen. 

fT,ss CLEAR to Ellit. 

I7 Aug 84 llilSlZ3 

3. Press ENTER t o  move t o  the  I N D I V I D U A L  RESULTS REPOKTIXG s c r e e n  and 
cont inue wi th  S t e p  2 o f  t h i s  s c r e e n ,  o r  p r e s s  CLEAR t o  r e t u r n  t o  t h e  
S e t  Up menu. 
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Ol-.2id.dXl, PAGE I s  
-2.4 S e t  E l e c t r o l y t e  Resolu t ion  OF POOR QUALITY 

s sc reen  sets t h e  number of decimal  p laces  expressed f o r  Na and K r e s u l t s  * I s p l a y  or p r i n t o u t .  Values  a r e  rounded t o  the  decimal p l ace  shown. (The 
talues shown a r e  examples only.)  Se t  e l e c t r o l y t e  r e s o l u t i o n  as  fol lows:  

1. Press  4, access ing  the  SET 
ELE CTR~LYTE RESOLUTION 
screen.  

ponding t o  t h e  d e s i r e d  
e l e c t r o l y t e ,  moving t h e  
h igh  1 igh t ing  t o  t h e  o t h e r  
r e s o l u t i o n  v a l u e  and s ig -  
n i f y i n g  t h e  new r e s o l u t i o n .  

3. Repeat S t e p  2 f o r  o t h e r  
e l e c t r o l y t e s  a s  d e s i r e d .  

4. P r e s s  CLEAR t o  r e t u r n  t o  
the  SET UP MENU screen .  

2. P r e s s  t h e  number cor res -  

. .. .,.,.. . 

S n  ELECTROLYTE RESOLUTIa4 

1 ua* 140 

2 K* 4.0 19p 

. -  

*e.. CLEAR to E x l t .  

13 Jun 85 10x14115 

SET ELECTROLYTE RESOLUTION 

O f f s e t s  

en te red  i n  t h i s  s c r e e n  o f f s e t  t h e  measured r e s u l t s  by t h e  s e l e c t e d  
percentage.  T h i s  is used t o  c o r r e l a t e  t h e  r e s u l t s  t o  t h e  o t h e r  methodologies 
x r r e n t l y  be ing  used i n  your l abora to ry .  

NOTE: Use cons ide rab le  c a r e  i n  e s t a b l i s h i n g  t h e  o f f s e t  va lues  
for  your lab .  

-'sl.t.. Enter  e l e c t r o d e  o f f s e t  va lues  as fol lows:  

1. Press  5 ,  a c c e s s i n g  t h e  
ELECTR~DE OFFSET s Green 

2. Press  ENTER r e p e a t e d l y  t o  
move the  cu r so r  through 
t h e  a v a i l a b l e  p o s i t i v e  o r  
nega t ive  va lues  (no posi-  
t i v e  o f f s e t s  are a v a i l a b l e  
f o r  Na and K). 

percent  va lue  t o  1 decimal 
place next  t o  t h e  o r i g i n a l  
parameter . The o f f s e t  
ranges a r e  a s  follows i n  
Table 2.3. 

- 

3. Key i n  t h e  d e s i r e d  o f f s e t  

Offset (-) Offstt (*) 
PH 0.0 apH 0.0 r p H  

to.0 x *o.o r 
*o.o x to.0 y. 
*o.o x *O.O x 

KO, 
w2 
Hct 
Na* t0.O x 
K* *o.o i! 
ca** *o.o x *o.o x 

Press OnER to Enter Value or Skip Entry. 

Press CLEAR to Delete  Entry or Exat. 

I 7  k p  85 9r51rS6 

d 
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a’ Table 2.3 Offse t  Ranges 

change any o t h e r  u n i t s .  
5 .  Press CLEAR t o  r e t u r n  t o  

...-. , 

. .  

Pr*.s QUIR to L i t .  

I3r42: 51 

PO2 2 6 X 

pH 

H c t  25 X 
Na - 7 %  
K - 7 %  
Ca* 2 5  x 

PC02 t 5 X 
2 20 mpH u n i t s  (1 mpH u n i t  = .001 pH 

u n i t s )  

4. 

5 . .  Repeat S t eps  2 through 4 f o r  each value.  
6. Press CLEAR t o  r e t u r n  t o  t h e  SET UP MENU screen .  

P res s  ENTER t o  replace t h e  o r i g i n a l  o f f s e t  percent  va lue  wi th  t h e  new 
value.  To cancel an e n t r y  p re s s  CLEAR be fo re  p re s s ing  ENTER. 

2.2.6 S e t  Units Of Measurement 

This  s c reen  sets t h e  units o f  measurement f o r  va r ious  parameters  t o  t h e  u n i t s  
o f  measurement r e p o r t e d  by your labora tory .  The u n i t s  o f  measurement which 
a r e  h i g h l i g h t e d  on t h i s  s c r e e n  w i l l  be  t h e  u n i t s  used on a l l  s c reens  and on 

) a l l  r e s u l t s .  S e l e c t  t h e  Un i t s  of Xeasurement a s  follows: 

S€l WlfS w MAmm 

1 fwperrturrc 

1. Press 2, a c c e s s i n g  t h e  
SET UNITS OF ME&UREMENT 
screen .  

2. P r e s s  t h e  number cor re-  
sponding t o  t h e  des  i r e d  2 8uametric Pwswrei I?&& IIP. I nHq 

3 Slood 0.W.l a mra 

4 H.rogiObir1 -l/L <Hb/4) I =its t o  change. 
3. P r e s s i n g  t h c s  number 

aga in  moves t h e  high- I..... .... 
l i g h t i n g  t o  t h e  nex t  con- 
s e c u t i v e  va lue  i n  a cy- 
c l i c  fash ion .  . 

4. Repeat S teps  2 and 3 t o  

SET UNITS OF MEASUREMENT 



2.2.7 S e t  Defau l t  Parameters 

's sc reen  g ives  you t h e  op t ion  of s e l e c t i n g  P a t i e n t  Data ,  P r i n t e r  Subsystem, 
Communications Subsystem d e f a u l t  parameters a s  follows: 

P a t i e n t  Data 

The P a t i e n t  Data d e f a u l t  va lues  f o r  t he  ana lyzer  a re :  

Temperature - 37.0° C ,  
Hemoglobin - 14.3 g/dL 
Barometr ic  P res su re  - 760 mm/Hg 

Unless t h e  a c t u a l  p a t i e n t  temperature  is keyed i n ,  us ing  t h e  PATIENT DATA 
s c r e e n ,  a d e f a u l t  t empera ture  o f  37.0° C (normal body tempera ture)  w i l l  be 

g/dL is f a c t o r y  set and is t h e  d e f a u l t  hemoglobin value.  The d e f a u l t  hemoglo- 
b in  va lue  w i l l  be  used i n  c a l c u l a t i n g  t h e  c a l c u l a t e d  parameters on ly  when t h e  
a c t u a l  hemoglobin v a l u e  i s  no t  en te red  through the  p a t i e n t  d a t a  s c r e e n ,  and 
when, due t o  a h e m a t o c r i t  e r r o r ,  an analyzer -ca lcu la ted  hemoglobin is n o t  
a v a i l a b l e .  
a s  fol lows:  

i.i... used f o r  a l l  measured and c a l c u l a t e d  results.  The hemoglobin.value o f  14.3 

The Hemoglobin used i n  an a n a l y s i s  can be i d e n t i f i e d  by  s u b s c r i p t  

Hbc - Calcula ted  Hemoglobin 
Hbd - Defaul t  Hemoglobin 
Hbe - Entered Hemoglobin (From P a t i e n t  Data Screen)  

e d e f a u l t  b a r o m e t r i c  p r e s s u r e  is used when t h e  barometer  f a i l s .  
ppens,  t h e  NOT READY s c r e e n  is d i sp layed  (or i f  i n  an a n a l y s i s ,  t h e  e r r o r  

When t h i s  

code is d i sp layed)  and t h e  r e l e v a n t  r e s u l t s  are d i sp layed  f l a s h i n g ,  and 
p r i n t e d  with a q u e s t i o n  mark. 

e 
P r i n t e r  Subsystem 

The P r i n t e r  Subsystem a l lows  you t o  s e t  t h e  number of r e s u l t s  c o p i e s  p r i n t e d  
each t h e  a manual or automat ic  r e s u l t s  p r i n t o u t  is performed. Choose from 1 
t o  3 copies .  The P r i n t  Densi ty  a l lows you to choose t h e  darkness  of t h e  
p r  i n  t o u t  p r  i n  t . -Wn,.,. 

. NOTE: Higher p r i n t  d e n s i t y  va lues  w i l l  r e s u l t  i n  e a r l i e r  
p r in thead  f a i l u r e .  

Communications Subsys tem 

The Communications Subsystem de f ines  t h e  p a r i t y  and end-of-l ine s e t t i n g s .  
P a r i t y  s e l e c t i o n  a l lows  you t o  match even,  odd, or no p a r i t y  t o  an e x t e r n a l  
devices '  p a r i t y  requirements .  The end of  l i n e  s e t t i n g  enab le s  you t o  adapt  
the S t a t  P r o f i l e  1 d a t a  t ransmiss ion  r a t e  t o  t h e  requi rements  of an e x t e r n a l  
device.  See t h e  S t a t  P r o f i l e  Communications I n t e r f a c e  Manual f o r  more d e t a i l s  
on t h e s e  s e t t i n g s  . 

2- 12 



I .  ..- 

P I t l e n t  D a t a  

Pat ient  Temperature 37.0 OC 
Heooglobia 14.3 g/d~ 
B a r a n t r i c  Pressure 760.0 a H 9  

P r i n t e r  Svbrrrtrn 
Nuaber 04 Rssults Coptes (1-3) 1 
p r i n t e r  k n s i  tr V ~ l u e  127 
CO - Lightest, 255 - Darlcest) 

lpmunicat lons Su- 

P a r i t y  ( 0  -None, 1 - Odd, 2 - Even) 
End of Line Delay (0 - 255) 

0 
0 

Press M E R  to Eater Value or  Wip Entry. 

S e t  d e f a u l t  parameters  as fol lows:  .' 1. 

2. 

3. 

4. 

5. 

2.2.8 

Press L, a c c e s s i n g  t h e  SET 
DEFAULT PARAMETERS screen .  
P r e s s  ENTER t o  c y c l e  t h e  
c u r s o r  through t h e  a v a i l -  
a b l e  parameters. 
Key i n  t h e  new d e f a u l t  
va lue ,  which appears  next  
t o  t h e  o r i g i n a l  value.  

- 

P r e s s  ENTER t o  r e p l a c e  t h e  
o r i g i n a l  v a l u e  with t h e  
new d e f a u l t  value.  To 
cance l  an e n t r y ,  b e f o r e  
p r e s s i n g  ENTER, p r e s s  

Press CLEAR t o  r e t u r n  t o  
the  SYSTEM SET UP Menu. 

CLEAR. - 

Set Hanual/Auto Modes 

This  sc reen  allows you t o  se t  c e r t a i n  f e a t u r e s  on t h e  a n a l y z e r  t o  occur  auto- 
m a t i c a l l y  wi thout  o p e r a t o r  i n t e r a c t i o n  (AUTO), o r  t o  occur  manually,  r e q u i r i n g  
o p e r a t o r  manual a c c e s s  v i a  t h e  keypad (MANUAL). For example, t h e  AUTO choice  
f o r  t h e  PATXENT DATA screen w i l l  r e s u l t  i n  automatic  d i s p l a y  of the P a t i e n t  
Data s c r e e n  d u r i n g  an a n a l y s i s  wi thout  r e q u i r i n g  o p e r a t o r  i n t e r a c t i o n .  The 
MANUAL cho ice  r e q u i r e s  you t o  manually access  t h e  P a t i e n t  Data screen .  
mary of t he  manual and .automatic  modes a v a i l a b l e  i n  t h e  SET MANUAL/AUTO MODES 
s c r e e n  is as fo l lows:  

A sum- 
..! 

., ....._, 

AUTO - t h e  P a t i e n t  Data Screen w i l l  automat- 
i c a l l y  appear w i th  each a n a l y s i s .  
- 1. P a t i e n t  Data Screen 

2. Resu l t s  P r i n t o u t  

-NU& - you m u s t  p r e s s  PATIENT DATA to ac- 
cess  t h e  P a t i e n t  Data s c r e e n  du r ing  an ana l -  
y s i s .  

- AUTO - r e s u l t s  p r i n t o u t  w i l l  a u t o m a t i c a l l y  
occur  when the  r e s u l t s  s c r e e n  is d i s p l a y e d  a t  
the  end of an a n a l y s i s .  

MANUAL - you must p re s s  PRINT whi le  d i sp l ay -  
ing a r e s u l t s  s c r e e n  t o  o b t a i n  an a n a l y s i s  
r e s u l t s  p r in tou t .  

- 
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3. Resu l t s  Transmission - AUTO - r e s u l t s  w i l l  au tomat i ca l ly  be t r ans -  
m i t t e d  t o  an e x t e r n a l  p r i n t e r  o r  computer 
when you e x i t  from a r e s u l t s  s c reen  by p r e s -  
s i n g  - CLEAR o r  ANALYZE. 

MANUAL - r e s u l t s  t ransmission w i l l  only occur  
i f  Manual T r a n s f e r  func t ion  is accessed i n  
Subsystem T e s t  Communications (Sec t ion  6 .4 .8 )  . 
- AUTO - t h e  system barometer w i l l  monitor 
ba romet r i c  p r e s s u r e  used f o r  r e s u l t s  ca l cu la -  
t ion.  

4. Barometric P r e s s u r e  

MANUAL - t h e  system barometer is deact iv-  
a ted.  You must e n t e r  an e x t e r n a l  manual 
Barometric P r e s s u r e  (Sec t ion  -3-.2 - 3 )  . - -  

C"" .  

S e t  t h e  MANUALFAUTO modes as follows: 

1. 

2. Press  t h e  number o f  t h e  

Press E, a c c e s s i n g  t h e  SET 
MANUAL/AUTO MODES screen.  

corresponding f u n c t i o n  t o  
be changed t o  move t h e  
h i g h l i g h t i n g  from manual 
t o  a u t o  o r  vice-versa.  
The h i g h l i g h t i n g  moves t o  
t h e  o t h e r  column s i g n i f y -  
ing t h a t  t h e  mode h a s  been 
changed.. To change t h e  
mode back, p r e s s  t h e  num- 
b e t  again. 

t h e  SET UP MENU. 
3. Press  CLEAR to  r e t u r n  t o  

her .  am to Exit. 
13 Jun 83 10822824 

SET MANUAL/AUTO HODES 
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2.2.9 S e t  System Password 

This  s c reen  al lows f o r  t h e  password f o r  e n t e r i n g  t h e  S e t  Up Menu t o  be changed 
from t h e  NOVA f a c t o r y  set password o f  0 ( ze ro )  t o  a password d e s i r e d  by  t h e  
Lab, The new password can be kep t  c o n f i d e n t i a l  t o  ensure  t h a t  p roper  a n a l y z e r  
s e t  up is maintained,  S e t  t h e  system password as follows: 

e’ 
1. Press 9 ,  a c c e s s i n g  t h e  SET 

SYSTEM-PASSWORD screen .  
2. Key i n  t h e  new password (a 

numeric va lue  up t o  4 dig-  
i t s  long) a t  t h e  cu r so r .  

3. Press ENTER to e n t e r  t h e  
new password, To c a n c e l  
an  e n t r y  b e f o r e  p r e s s i n g  
ENTER, p r e s s  CLEAR, 

4, Press  CLEAR t o  r e t u r n  t o  
t h e  S e t  Up Menu. 

- 

Svstm Pasword: 0 

- -  
t r e s s  M E R  to Enter Password. 

‘ t r e s s  CLEnR to Delete Entry or Ex:t. 

I7 tep 85 I 3 : l t : S I  

SET SYSTEM PASSWORD 

NOTE:. If you l o s e  o r  f o r g e t  your password, you w i l l  - no t  be  
a b l e  t o  access  t h e  S e t  Up menu, Unplugging t h e  a n a l y z e r  
w i l l  no t  h e l p ;  t h e  password i s  r e t a i n e d  i n  permanent mew 
ory,  To r e g a i n  access  t o  the  Se t  Up menu, c o n t a c t  
NOVA Technica l  Serv ice  , 

2- 15 



-3  Ins t rument  Power  Loss 

power loss of  up t o  5 seconds o c c u r s ,  any a n a l y s i s  i n  progress  o r  o t h e r  
uence i n  progress  w i l l  be  terminated.  No o the r  e f f e c t s  w i l l  occur i n  t h i s  

i t u a t i o n .  Lf 
e r n a l  b a t t e r y  

‘ i m e  and d a t e ,  
pera t ion  menu 
.e  l o s t .  Upon 

.I,.. .,. .. 

a power loss of over  5 seconds du ra t ion  occurs  however, an in-  
a c t s  t o  r e t a i n  the: 

S e t  Up va lues  
C a l i b r a t i o n  Gas Values 
Barometer O f f s e t  
Number of Analyses Remaining i n  t h e  Reagent 

. Pack 
Previous R e s u l t s  

c a l i b r a t i o n  s l o p e s ,  pending a n a l y s i s  resu l t s  and p a t i e n t  d a t a ,  
va lues  ( o t h e r  than t h e  barometer o f f s e t )  and e r r o r  codes w i l l  
r e t u r n  of power, set  t h e  time and d a t e ,  perform a c a l i b r a t i o n ,  

. n t e r  any d e s i r e d  o p e r a t i o n  menu v a l u e s ,  and resume normal ope ra t ion .  

-f  t h e  ana lyze r  has been set up p rev ious ly  b u t  upon power loss SET UP REQUIRED 
cppears on t h e  READY FOR ANALYSIS s c r e e n ,  t h e  i n t e r n a l  b a t t e r y  has  d ischarged  
ind no ins t rument  f u n c t i o n  va lues  are saved. The password is  r e s e t  t o  0 
ze ro )  i n  t h i s  case, b u t ,  a f t e r  access ing  the S e t  Up menu and performing t h e  
e t  up procedure,  normal o p e r a t i o n  can resume. Contact  NOVA Technica l  Serv ice  

ior  a Serv ice  Represen ta t ive  t o  r e p l a c e  t h e  b a t t e r y .  

- -  
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3 OPERATION 

Th i s  s e c t i o n  cove r s  a n a l y s i s  and c a l i b r a t i o n .  

3.1 Analysis  

Analysis  is i n i t i a t e d  by  p res s ing  ANALYZE a t  a y t i m e  t h e  ana lyze r  is i d l e .  
You w i l l  on ly  g e t  meaningful r e s u i t s ,  however, i f  t h e  ana lyze r  i s  ready  as 
evidenced by t h e  green  Ins t rument  S t a t u s  L igh t  and t h e  READY FOR ANALYSIS 
screen .  I f  you need t o  access any func t ions  i n  t h e  Operat ion Menu (as a t  t h e  
s t a r t  o f  a s h i f t ,  such as T e s t  Sequence Counter,  Barometer check o r  D a t e / T i m e  
s e t t i n g )  perform t h e s e  func t ions  as explained i n  Sec t ion  3.2 b e f o r e  p re s s ing  
ANALYZE . 
Analysis  begins  w i t h  the s e l e c t i o n  ( i f  necessary)  o f  t h e  a p p r o p r i a t e  Analysis  
Mode. The remaining s t e p s  are o u t l i n e d  under t h e  s p e c i f i c  a n a l y s i s  cyc le .  

3.1.1 Analys is  Mode Selection 

Analysis  mode s e l e c t i o n  matches t h e  sample type t o  t h e  a p p r o p r i a t e  system 
cyc le .  
on t h e  READY FOR ANALYSIS screen .  The a v a i l a b l e  s a m p l e  a n a l y s i s  modes a r e  as  
f 0 llows : 

The c u r r e n t  a n a l y s i s  mode i s  d i sp layed  underneath READY FOR ANALYSIS 

Blood G a s  + E l e c t r o l y t e s  
Expired G a s  
Blood Gas 
E l e c t r o l y t e s  

MAOY FOR W Y S I S  

ca44 

27 Minutes to  N t x t  Wto-Cal. 

350 Analysts Rtnrining I n  R t r v n t  Pack. 

17 Stp 0S 13136:Sl 

c 

READY FOR AiALYSIS - BLOOD GAS 
+ ELECTROLYTES Analysis  Mode 

A d e f a u l t  a n a l y s i s  mode is s e t  upon i n s t a l l a t i o n .  To change the  mode from 
t h i s  d e f a u l t ,  press CLEAR u n t i l  t h e  k A D Y  FOR ANALYSIS sc reen  is d i sp layed ,  
then press TEST SELECT u n t i l  t h e  d e s i r e d  mode is se l ec t ed .  For example, i f  
you r e c e i v e  a sample f o r  e l e c t r o l y t e s  only  and t h e  c u r r e n t  a n a l y s i s  mode is 
Blood Gas + E l e c t r o l y t e s ,  p re s s  TEST SELECT 3 t i m e s  t o  select  the  E l e c t r o l y t e s  
a n a l y s i s  mode. Any mode s e l e c t e d  i n  t h i s  way w i l l  be  d i sp layed  b l i n k i n g  on 
t h e  s c r e e n  t o  show t h a t  i t  is not  t h e  d e f a u l t  a n a l y s i s  mode. 

- - 
- 

( I f  TEST SELECT does n o t  access  one of t h e  4 modes, t h e  mode is being  
suppressed. Access the  ANALYSIS MODE SELECTION sc reen  from t he  SET W menu 
(Sec t ion  2.2.2) t o  r e s t o r e  the  a n a l y s i s  mode for TEST SELECT accession.)  

- 
- 
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. 1.2 Analys is  Cycles 

> 

CAUTION: Do no t  touch the  Analyzer Compartment door dur ing  
. an a n a l y s i s  . E l e c t r o n i c  i n t e r f e r e n c e  and temper- 

p l e s  can be  analyzed from s y r i n g e s ,  vacuum tubes ,  exp i r ed  a i r  bags ,  c a p i l -  
ies,  o r  sample CUPS. A minimum of  250 u l  of sample is requi red .  

..1.2.1 Syr inge ,  Vacuum Tube or Sample Cup Sampling 

1. Press ANALYZE. The sampler probe ex tends  and t h e  CRT d i s p l a y s  the 
p o s i t i o n  sample screen .  

2. 

, ... .. .. .. . . . 

P r e s e n t  t h e  sample con- 
t a i n e r  t o  t h e  sampler 
probe (Syr inge  shown i n  
F igu re  3.1) and p r e s s  
ANALYZE a second t i m e  t o  
a s p i r a t e  t he  sample. Do 
n o t  allow the.  Sampler 
Probe t o  touch t h e  base  o f  
t h e  s y r i n g e  plunger  o r  t he  
bottom o f  t h e  sample cup 
o r  tube . 
NOTE: P r e s s  ANALYZE wi th in  

30 seconds a f t e r  
i n i t i a l l y  p r e s s i n g  
ANALYZE ( S t e p  1) . 

BLOOD 6AS ELECTROLnES 

13 Jun @!I 1 0 :3$:39 
. .  

POSITION SAMPLE 

I a t u r e  i n s t a b i l i t y  could r e s u l t .  I 

. Probe 

Syringe 

Figure 3.1 Syringe Sample P r e s e n t a t i o n  
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3. When the  probe re t rac ts ,  
withdraw t h e  sample ( i f  
t h e  sample is  from a sy- 
r i n g e ,  e x p e l  t h e  bubble of 
a i r  from t h e  s y r i n g e  and 
cap i t) .  The CRT d i s p l a y s  
the Analysis  I n  P rogres s  
sc reen .  

Analysis in Progress 

Press CLEAR. to Abort Sequence 

30 k c o n d s  to Caplet ion.  

13 Jun 85 11 rO9r22 

.. I ..I. . . . .  

ANALYSIS IN PROGRESS 

NOTE: I f  an i n s u f f i c i e n t  sample is d e t e c t e d  o r  a major 
f l u i d  flow e r r o r  occurs  dur,irig a n a l y s i s ,  the..system 
w i l l  a b o r t  t h e  a n a l y s i s  and f l u s h  t h e  system. 

4. A s  soon as t h e  Analysis  I n  P rogres s  screen iS d i sp layed ,  p r e s s  PATIENT - DATA ( i f  t h e  screen w a s  n o t  set  up t o  b e  a u t o m a t i c a l l y  d i s p l a y e d )  t o  
access t h e  P a t i e n t  Data screen.  En te r  t h e  p a t i e n t  d a t a ,  and i f  neces- 
s a r y ,  change t h e  i n d i v i d u a l  and c a l c u l a t e d  r e s u l t s  r e p o r t i n g  as follows.. 

a. P r e s s  ENTER r e p e a t e d l y  
t o  c y c l e  through the  
cho ices  t o  t h e  d e s i r e d  
cho ice  . 

b. Key i n  t h e  a p p r o p r i a t e  
v a l u e  us ing  t h e  keypad . 

C. P r e s s  ENTER t o  e n t e r  
t h e  v a l u e  and a l s o  t o  
move t h e  c u r s d r  t o  t h e  
nex t  choice.  

d. P r e s s  CLEAR t o  d e l e t e  
an erroneous en t ry .  

PATIDJT DAlh 
Analysis in Progrtss 

146 Seconds to Cmpletion. 
e c e s s i o i  n I 

rrt ient  1.0. I 019566968 

tmperature I 36.3 % 
Hmoglobia I 14.9 g/dL 
Smple t y p e  I (0) &A (1) Ven 
l i a r  D T M  I 12.36.58 
X F102 I 21.0 

Press M E R  to Enter Value or S i p  Entry.  
Press #EAR to DeItte Entry or Extt. 
Press pl\tlM Onln for ne.xt ure tn .  

17 Sip 8S 10136123 

PATIENT DATA 

e. Repeat S t eps  a - d. as needed, then p r e s s  CLEAR t o  e x i t  t h e  sc reen  or 
PATIENT DATA t o  access t h e  I n d i v i d u a l  Resu l t  Reporting sc reen  as i n  
S t e p  5. 

NOTE: The s t a t u s  d i s p l a y  on t h e  P a t i e n t  Data sc reen  shows t h e  
s t a t e  of  t h e  a n a l y s i s  ( I n  P rogres s ,  Completed, Aborted,  
e t c . )  and t h e  t i m e  remaining t o  completion. I f  t h e  
a n a l y s i s  has  a l r e a d y  f i n i s h e d  when you e x i t  from the  
P a t i e n t  Data s c r e e n ,  t h e  c u r r e n t  P a t i e n t  Data va lues  
w i l l  be  used t o  compute t h e  Corrected and Ca lcu la t ed  
resul ts  and th'e Measured R e s u l t s  s c reen  w i l l  be d i s -  
p l a y e d .  I f  t h e  Auto R e s u l t s  P r i n t  mode is s e l e c t e d  
( S e c t i o n  2.2.8) ,  r e s u l t s  w i l l  be  p r in t ed .  
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5 .  From t h e  P a t i e n t  Data s c r e e n ,  p re s s  PATIENT DATA t o  access  t h e  Ind iv id -  
u a l  Resul t  Repor t ing  screen .  This s c reen  al lows you t o  change t h e  set- 
t i n g  o f  any o f  t h e  measured parameters or c a l c u l a t e d  r e s u l t s  f o r  t h e  0 d u r a t i o n  of  a s i n g l e  p a t i e n t  t e s t .  

a. P r e s s  t h e  f u n c t i o n  num- 
b e r  of  t h e  d e s i r e d  mea- 
s u r e d  parameter  you 
wish t o  move t o  t h e  Off 
p o s i t i o n .  Off w i l l  be 
under l ined  and high- 
1 i g h t  ed. 

b . The parameter  is now 
turned o f f  and w i l l  no t  
be  r epor t ed .  Any. cal- 
c u l a t e d  r e s u l t s  based 
on t h i s  va lue  would 
a l s o  no t  be  r epor t ed .  
Turn On a parameter  
t h a t  is Off by p r e s s i n g  
t h e  appropt  ia te f unc- 
t i o n  number of t h e  de- 
s i r e d  measured param- 
eter. 

INDIVIowL RESULT REPORTIN6 

c I 

INDIVIDUAL RESULTS 

NOTE: T e s t  S e l e c t  and S e t  Up menu r e s t r i c t i o n  func t ions  
d e f i n e  which parameters can be  .changed, 0 

C. Repeat S t e p  5 u n t i l  a l l  d e s i r e d  parameters a r e  changed, 

6 .  Press PATIENT DATA a g a i n ,  
7 

ac ces s i ng  t h e  CALCULATED 
RESULTS screen .  

7. Repeat S t ep  5 ,  adapted f o r  
t h i s  s c r e e n ,  u n t i l  a l l  de- 
sired p a r a m e t e r s  are 
changed . 

8. P r e s s  CLEAR t o  e x i t  t h i s  
s c r  een . - 

W W L n T E O  RESULTS 

~~ 

6 o* kt O f f  pn 
7 0 ct O f f  Q= 
8 n L  O f f  & 

R e s 8  PnTt€W WTA for Next  Scrrrn. 

Prrrs CLEAR to E x i t .  

14 N w  8S 22 1 15 I43 

c 

C A L C U L A E D  RESL’LTS 
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9 .  Measured r e s u l t s  are  displayed upon sequence completion, and measured 
and calculated r e s u l t s  are printed out ( s e e  Figure 3 . 2 ) .  

NOTE.: Any r e s u l t s  suppressed i n  the S e t  Up menu or i n  

.. , ...... 
. .. .. . 

Individual  Resuit Reporting w i l l  not  be displayed 
or printed. 

Ace. I 235 SJmol. n I2 
I.D. I 386021 BP 778.2 CnHg 

p e i i m ~  m a i s  AT 37,a0 E 
PH 7,381 
-2 40.0 rnHp 
PO2 90.0 rrH0 

HCT 48. x 
N. . 14Z.Q CnOlA 
K 4.6 nnol/L 
k 1.27 #IA 

tress EWER for Crlculrted Results. 
rress ClEAR to E x i t .  

Measured Results (Patient Temperature) 

Acc. nc344 SMPLE I: 4 
1.0. Rr022345711 W 762.3 nn0 

TEUP. 37.0 OC 37.0 oc 
VH 7.39s 7.383 

43.6 4S.l 
m.2 rWp 93.0 

wct 00. x 

?kasured Results  (Pat ient  Temperature and 3 7  .O°C) 
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10. Press ENTER to  d i sp lay  the ca lculated r e s u l t s ,  

Calculated Results 

>\.A,.,.,.,. 

... 

P t i n  tout (Patient  
Temperature) 

:, .... "-.. 

ACC. a 23s 
1.0. I) ' 386021 . 

sulpt. a 12  
BP 773.3 mng 

CALCULATED VAW 

Hb 
BE-ECF 
BE-% 
sac 
HCO3- 
TC02 
02 Sat  
0 ct .h++ 

43.0 e/& 
-3.1 m o l / L  
-1.4 w I / L  
23.2 m o l / L  
23.4 w l A .  
27.1 rnOl/L 
80.6 X 

2.0 rlA 
1.30 moVL 

Printout (Pat ient  
Temperature and 37  .O°C) 

. . -  

ST91 PROFILE 1 

2? b y  86 14t21 

STAT PROFILE 1 

21 May 86 13812 

'ckcession #: 
123 
Patient 1.0. I 
125635837 
Arterial sample 
Time Drawn: 89.32 
FfO2t 21 

Patient Temp 36.5 O C  
PH 7.373 
pco?. 46.1 WnHg 
po2 100.3' W g  

Hct . 34. z 
Na+ 135.5 &lA 
K+ 3.83 naao\h ca* 1.03 molA 

Hbc. 11.2 d d L  
BE-ECF +. lo6  I R I # O \ ~  
BE-B - 0.8 mmlA 
SBC 24.4 mol/L 
HCOS 26.7 mmolh  
TCO2 28.1 olm01A 
02Sat 97.1 2 
O2Ct 1.6 a l a  
-6 1.02 nmoln. 

Pitimt I. 0. t 
148020365 
Arterial Sample 
Time Drawn: 11.56 
FI&r 25 

Measured at .37.0 *C 
PH 7.288 
Pco2 64.0 rrra\Hg 
pa2 184.0 w g  

Corrected to 36.5 *C 
PH 7.295 
pcoz 627 rnarHg 
P?2 101.1 m d g  

Hct 41. . %  

Na+ 127.2 r&nolA 
K+ 3.62 suaol/L 

a s s  r runol / t  ca++ 

H b C  13.6 e/& . 
BE+=.+ 4.1 nmol/L 
BE-B - 3.0 a u a ~ l h  
SBC 21.8 rnrolA 
Hco: 38.9 IlUliolA 
fCO2 32.9 mrrtolA 
O2Sat 97.1 z 
O2Ct  18.3 ml/L 
KO++- 0.83 WIIO 1 /L 

- 

l:lll~~ll::ll~:l:~l::l:::::l::::::::::~:'::::::::::l:::::: 

:l:::lll::::::::::::,:.:.:.:~.:~:.~:.:.~:.:.:.:.:.*.:.:. 

Figure 3 .2  Sample Analysis Pr intouts  
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.. ...... ~ 

. .. . 

t h e  CRT d i s p l a y s  t h e  Po- 
s i t i o n  Sample screen.  

u n i t  t o  t h e  Sampler Probe 
t i p ,  a l lowing  t h e  cap i l -  
l a r y  tube and Sampler 

3. F i t  t h e  adap te r - cap i l l a ry  
<.<.i.,\i 

wIK)o WS * ELECTROLYTES 

m I T 1 C N  Sann€ FOR AKlWITlaJ  

*e88 -1ZE @*bdY. 

11. Press ENTER aga in  t o  r e d i s p l a y  t h e  measured r e s u l t s ,  i f  des i red .  
12. You may r e c a l c u l a t e  r e s u l t s ,  e n t e r i n g  a new p a t i e n t  temperature and/or 

hemoglobin. 
PC02, and P0.L va lues  t o  be ca l cu la t ed .  
va lue  w i l l  cause those c a l c u l a t e d  parameters dependent on hemoglobin t o  
be  r e c a l c u l a t e d .  

Enter ing  a new p a t i e n t  temperature  w i l l  cause new pH, 
En te r ing  a new hemoglobin 

a .  From the  Measured o r  Ca lcu la t ed  Resul t s  s c r e e n ,  press PATIENT - DATA t o  d i s p l a y  the  P a t i e n t  Data e n t r y  screen .  ( I f  a r e s u l t s  
s c reen  is  not  d i sp l ayed ,  from the  READY FOR ANALYSIS screen  
p r e s s  PATIENT DATA). 

b. P r e s s  ENTER r epea ted ly  t o  c y c l e  through the  choices  t o  the  de- 
s i r e d  choice  . 

C. Key i n  t h e  appropr i a t e  va lue  us ing  t h e  keypad. Press CLEAR to  
d e l e t e  an erroneous e n t r y  b e f o r e  keying i n  t h e  new entry.  

d. P re s s  ENTER t o  e n t e r  t he  va lue  and a l s o  t o  move t h e  cu r so r  t o  
t h e  next  choice  . 

e. Repeat S teps  b - d as needed. 
f .  P r e s s  CLEAR t o  d i s p l a y  t h e  r e c a l c u l a t e d  r e s u l t s .  . 

13. Press CLEAR t o  r e t u r n  to  t h e  READY FOR ANALYSIS screen.  

3.1.2.2 . C a p i l l a r y  Sampling 

NOTE: Use a c a p i l l a r y  tube o f  a t  l ea s t  280 m i c r o l i t e r s  
o v e r a l l  capac i ty .  

Probe t o  m e e t  f lush .  
Hold t h e  c a p i l l a r y  so 
t h a t  i t  is  i n  l i n e  with 
the  Sampler Probe. Con- 
t i n u e  t o  hold the  cap i l -  
l a r y  f o r  the  next  s t ep .  

e r r 1  C L W  to Abort. 

12144 143 14 Hou ES 

POSITION SAXPLE 
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CAUTION: I n  t h e  fo l lowing  s t e p ,  ensure  t h a t  t h e  c a p i l l a r y  
remains i n  l i n e  wi th  the  probe. Misalignment may 

I cause inadequate  a s p i r a t i o n .  I 

CAUTION: Do n o t  touch the  .Analyzer Compartment door  du r ing  
an ana lys i s .  E l e c t r o n i c  i n t e r f e r e n c e  and temper- 
a t u r e  i n s t a b i l i t y  could r e s u l t .  

- -  

. 

Figure  3 -3' Capi l lary-Adapter F i t t i n g  

NOTE : P r e s s  ANALYZE wi th in  30 seconds a f t e r  i n i t i a l l y  p re s s ing  
ANALYZE (from Step  2 ) .  

4. Press ANALYZE. When the  Sampler Probe retracts.,  a l low t h e  adapter  t o  
-.n. s l i d e  off t h e  Sampler Probe. The CRT disp1aj.s t h e  Analysis  i n  

Progress screen.  
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3.1.2.3 Expired G a s  Sampling (PCO2 and P%) 0-  1. Press ANALYZE. The sam-  
p l e r  pFobe extends and the 
CRT d i s p l a y s  t h e  P o s i t i o n  
Samp le sc reen  . 

.::: 

EXPIRED 6AS 

POSlTlQJ SanPLE FOR ASPIWTIQJ 

Press W Y Z E  M e n  Ready 

Press QWA to Abort . 
14 Nou 85 1 2 ~ 4 4  r43 

c d 

POSITION SAMPLE 

2. 

3 .  

S l i d e  t h e  bag over  t he  t i p  o f  t he  Sampler Probe, ma in ta in  a s l i g h t  
p r e s s u r e  on t h e  bag, and immediately proceed t o  S t e p  3. 
P r e s s  ANALYZE, and when t h e  probe re t rac ts ,  a l low t h e  probe t o  s l i d e  
o f f  t h e  bag. The Analysis  i n  P rogres s  s c r e e n  is displayed.  

NOTE.: P r e s s  ANALYZE wi th in  30 seconds a f t e r  i n i t i a l l y  
p r e s s i n g  ANALYZE (from S tep  1). 

CAUTION: Do n o t  touch t h e '  analyzer  compartment door du r ing  
an  a n a l y s i s  sequence. Electronic i n t e r f e r e n c e  and 
temperature i n s t a b i l i t y  could r e s u l t .  

4. Continue w i t h  S tep  4 of  t h e  Syringe,  Vacuum Tube, or  Sample Cup Sam- 
pling procedure (Section 3.1.2.1). 

NOTE: The Expired Gas Measured and Ca lcu la t ed  r e s u l t s  
w i l l  no t  include E l e c t r o l y t e s ,  Hematocri t ,  pH and 
the  a s s o c i a t e d  r e s u l t s  from t h e  Ca lcu la t ed  Resu l t s  . 
screen.  
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. . .  
,.,....I. 

.2 Operation Menu 

ces s  the o p e r a t i o n  
parame ters, accessed 

menu t o  pefform r o u t i n e  o p e r a t i n g  func t ions .  
i n  t h e  S e t  Up Menu d e f i n e  t h e  less commonly changed 

( s e t  up 

d e f a u l t  parameters and are u s u a l l y  set  only a t  i n s t a l l a t i o n . )  
Operation Menu as  follows: 

Access t h e  

1. From the  READY FOR ANALYSIS s c r e e n ,  p r e s s  - MENU, a cces s ing  t h e  M A I N  XENU 
screen.  

2 ,  Press 1, a c c e s s i n g  t h e  OP- 
ERATIOF MENU sc reen .  

3. See t h e  fol lowing Sec t ions  
t o  se t  the  a p p r o p r i a t e  op- 
e r a t i o n  parameter. I f  you 
wish t o  e x i t  any o p e r a t i o n  
parameter,  p r e s s  CLEAR t o  
r e  tu rn  t o  t h e  OPERATION 
MENU screen.  P r e s s  CLEAR 
aga in  t o  re t u r n  t o  the  
M A I N  MENU screen.  P r e s s  
CLEAR once more t o  r e t u r n  
t o  READY (NOT READY) FOR 
ANALYSIS screen.  

- 

- 

WEWTIOJ r(EM 

1 Select Throughput 

2 Surple Number Counter 

3 Earawtr ic  Pressure 

4 o a t r n i w  

Press CLEAR to E x i t .  

17 k p  8S 11134123 

~. .- 

OPERATION MENU 

3.2.1 S e l e c t  Throughput 

This  s c reen  selects e i t h e r  SINGLE or NORMAL throughput,  which d i f f e r  by 
frequency o f  one-point c a l i b r a t i o n ,  S e l e c t i n g  SINGLE throughput performs a 
one-point c a l i b r a t i o n  wi th  each a n a l y s i s  . 
performs a one-point c a l i b r a t i o n  a t  approximately 30 minutes from t h e  previous 

analysis . )  A one-point c a l i b r a t i o n  w i l l  be  performed b e f o r e  t h e  t i m e  l i m i t ,  
however, i f  over 15 minutes e l a p s e s  between sample a n a l y s e s ,  i f  t h e  Analysis  
Mode is changed, o r  i f  a n  I n s t a b i l i t y  or D r i f t  error occurs.  
throughput as fol lows : 

S e l e c t i n g  NORMAL throughput 

,>,''.0. one-point c a l i b r a t i o n .  (One-point c a l i b r a t i o n s  are only performed with an 

S e l e c t  t h e  

1. P r e s s  1, a c c e s s i n g . t h e  

2. Press 1, moving the  
SELECT THROUGHPUT screen.  

a througFput t o  t h e  a l t e r n -  
a te  throughput r a  te  (when 
SINGLE is  h i g h l i g h t e d  
p res s ing  1 w i l l  move the  
throughput t o  NORMAL and 
v i c e  v e r s a ) .  

3. P r e s s  CLEAR t o  r e t u r n  t o  
the OPERATION MENU screen.  

SELECT THROUGHPUT 

I Throughput SINGLE 

Press CLWR to E x t l .  

14 Hou BS 12: 14; 29 

SELECT THROUGHPUT 
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3.2-2 Set  Sample Number Counter 

The Sample Number counter  is  used t o  monitor the  number o f  samples analyzed 
over  a p a r t i c u l a r  time pe r iod ,  o r  t o  provide a sample number f o r  each p r i n t -  
ou t .  The counter  counts  from 0 t o  255 and au tomat i ca l ly  resets a t  255. The 
s y s t e m  resets t h e  counter  t o  0 a t  12:OO a.m. A t  t he  beginning of  a p a r t i c u l a r  
t i m e  per iod s e t  t h e  Sample Number counter  t o  0 as  follows. 

1. Press 2 ,  access ing  the  SET 
SAMPLE-NUMBER COUNTER 
sc reen  . 
( u s u a l l y  0). 

2 .  Key i n  t h e  des i r ed  number 

3,  Press ENTER, r e p l a c i n g  the  
o r i g i n a l  va lue  with 0. I f  - 

you wish to  e n t e r  a number 
o the r  than  0 ,  key i n  t h a t  
number b e f o r e  p re s s ing  
ENTER, To cance l  t he  - 
e n t r y ,  press CLEAR b e f o r e  
press ing  ENTER. 

4. P r e s s  CLEAR t o  r e t u r n  t o  
the  OPERATION MENU screen ,  

3.2.3 S e t  Barometric P res su re  

Press ENTER to Enter Value. 

Cress CLEAR t o  Delete Entry or E x i t .  

14 Nou 85 12122107 

\ / 

. SET SAMPLE NUMBER COUNTER 

The SET BAROMETRIC PRESSURE sc reen  has  two f u n c t i o n s ,  dependent on t h e  SET 
MANUAL/AUTO MODES sc reen  (Sec t ion  2 .2.8): 

I f  t h e  mode i s  set  f o r  AUTO, e n t e r i n g  a barornet t ic  p re s su re  sets  
an o f f s e t  for t he  system barometer. Th i s  c a l i b r a t e s  t h e  system 
barometer t o  an e x t e r n a l  barometer. 

I f  t h e  mode-is  s e t  f o r  MANUAL, e n t e r i n g  a barometr ic  p r e s s u r e  in 
t h i s  s c r e e n  sets a barometr ic  p re s su re  cons tan t .  This s c r e e n  is 
u s u a l l y  accessed when t h e  system barometer f a i l s ,  

The sequence of  even t s  upon a system barometer f a i l u r e  is  as follows: 

1. The system completes any pending a n a l y s i s  us ing  t h e  d e f a u l t  

2 .  The NOT READY sc reen  is d isp layed  wi th  the  CHECK BAROMETRIC 

3. The system swi tches  t h e  Barometric P res su re  from AUTO t o  MAN- 

4. The ope ra to r  e n t e r s  t h e  Se t  Barometric P res su re  screen  t o  s e t  

barometr ic  p re s su re  va lue  (Sec. 2,2.7). 

PRESSURE s t a t u s  message . 
UAL. 

an e x t e r n a l  barometr ic  p r e s s u r e  cons t an t  u n t i l  t h e  barometer 
problem i s  so lved ,  When t h e  system barometer is again func- 
t i o n a l ,  t he  o p e r a t o r  must se t  t h e  system to  Barometric P r e s -  
s u r e  AUTO (Sec t ion  2.2.8). - 
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. .  

BAROMETRIC PRESSURE screen.  

meter barometr ic  p re s su re ,  
keying i n  a reasonable  4 
d i g i t  va lue  with 1 decimal 
po in t  ( f o r  example, 7 5 5 . 5 ) .  

2. Key i n  t h e  e x t e r n a l  baro- SET BARMETRIC PRESSURE 

B u c n e t r i c  Pressure 770.S rnH9 

SET BAROMETRIC PRESSURE 

NOTE: The en te red  e x t e r n a l  barometr ic  p re s su re  must be  be- 
tween 450 t o  800 mm Hg, 17 to 32 in .  Hg, o r  60 t o  107 
kPa. When t h e  r epor t ed  u n i t s  of measurement are 
changed, t h e  sys  t e m  au tomat i ca l ly  conve r t s  t h e  barom- 
e ter  r ead ing  t o  match t h e s e  u n i t s .  

3. P r e s s  ENTER, s e t t i n g  t h e  ana lyze r  barometer t o  t h e  e x t e r n a l  barometr ic  0 pres su re  value.  . 
4. P r e s s  CLEAR t o  r e t u r n  to  t h e  OPERATION MENU screen .  - 

3.2.4 Se t  Date/Time 

The S t a t  P r o f i l e  1 contains  a n ' i n t e r n a l  24 hour c lock  and calender .  When the  
...,... % analyzer  is powered up, t he  d a t e  is set  t o  t h e  release d a t e  of  t he  program and 

the clock s t a r t s  a t  0 O : O O : O O .  S e t  the date and t i m e  a s  follows. 

1. 

2. 

3. 

0 

P r e s s  4, accese ing  the  SET 
DATE / T T ~  s c r  een . 
Press  ENTER r e p e a t e d l y  to  
move t h e  cu r so r  through 
t h e  a v a i l a b l e  parameters 
t o  t h e  d e s i r e d  parameter.  
Key i n  t h e  new d a t e  o r  
t i m e  va lue  you wish t o  
e n t e r  . 

Si? DnTEAlW 

Year: 85 

Month1 9 

Day 8 12 

Hour: I4 

Minute: 35 

Scond: 22 

Press OdlER to Enter Value or Skip Entry. 

Press CLEAR to h l e t e  Entry or E x i t .  

SET DATEITIME 

NOTE: Ente r ing  any va lue  except  seconds w i l l  " f reeze"  the  
c lock ,  To s t a r t  t he  c lock  a g a i n ,  e n t e r  a seconds 
value.  Th i s  a l lows you t o  synchronize . the  ana lyze r ' s  
c lock  wi th  another  c lock ,  
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4 .  Press ENTER t o  replace the o r i g i n a l  value with the new value. To can- 
c e l  an entry press CLEAR before pressing ENTER. 

5 .  Repeat S t e p s  2 through 4 for a l l  d e s i r e d  parameters. 
6 .  Press CLEAR t o  return t o  the Operation Menu screen. 

.. . 

..'",. 
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.3 C a l i b r a t i o n  

a3.1 Two-point C a l i b r a t i o n  (Automatic and Manual) 

3.3.1.1 Automatic C a l i b r a t i o n  (Auto-Cal)  

The ana lyzer  performs an au tomat ic  two-point c a l i b r a t i o n ,  known as  an auto- 
c a l i b r a t i o n ,  30 minutes a f t e r  power up and a t  2 hour i n t e r v a l s  t h e r e a f t e r .  I f  
a sample i s  analyzed a t  t h e  2 hour point, a u t o c a l i b r a t i o n  i s  delayed u n t i l  5 
minutes a f t e r  t h e  sample h a s  been analyzed. Au toca l ib ra t ion  can  be delayed i n  
t h i s  way u n t i l  2 and 112 hours  p a s t  t h e  l a s t  c a l i b r a t i o n .  When an a u t o c a l i -  
b r a t i o n  is performed, f u r t h e r  sample a n a l y s i s  is disal lowed.  

.. . 
.,...,. 3.3.1.2 Manual C a l i b r a t i o n  

A manual two-point c a l i b r a t i o n  can  b e  performed a t  any time by pres s ing  - CAL, 
ENTER. Manual c a l i b r a t i o n  r e s e t s  t h e  a u t o c a l i b r a t i o n  t imer  f o r  2 hour 
i n t e r v a l s  from t h e  t i m e  of t h e  manual c a l i b r a t i o n .  

To perform a manual c a l i b r a t i o n  
press CAL, ENTER. The CRT d i s -  
p l a y s  t h e  F u l l  Cal i n  P rogres s  
sc reen .  To a b o r t  a manual c'ali- 
b r a t i o n ,  press CLEAR. . Full Cal in Ro9ress  

Press UE4R to  Abort Sequence. 

40 hconds to Capletton 

24 Mar 86 12115143' 

F u l l  C a l  ( C a l i b r a t i o n )  i n  Progress  

3 03 02 Gas, p€i/Rct , o r  E l e c t r o l y t e  Subsystem C a l i b r a t i o n s  

A two-point c a l i b r a t i o n  of  g a s ,  pH and hematoc r i t ,  o r  e l e c t r o l y t e  e l e c t r o d e s  
,subsystems can  be performed whenever you do  no t  need c a l i b r a t i o n  of a l l  e l ec -  
t rode  subsystems . Subsystem c a l i b r a t i o n s  a r e  commonly performed when mainten- 
ance is performed on an  e l e c t r o d e ,  when new r e a g e n t s  o r  gases  have been i n t r o -  
duced t o  t h e  system, f o r  e l e c t r o d e  performance v e r i f i c a t i o n ,  o r  f o r  t rouble-  
shoot ing  information.  For informat ion  on subsystem c a l i b r a t i o n s  and o t h e r  
op t ions  a v a i l a b l e  from t h e  Maintenance Menu, s e e  Sec t ion  5.1. 

NOTE: Performing a Subsystem C a l i b r a t i o n  does not  r e s e t  t h e  
a u t o c a l i b r a t i o n  t imer;  on ly  a f u l l  c a l i b r a t i o n  r e s e t s  
t he  t i m e r .  

- 
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. I . , . .  .. . . 

3.3.3 Abort ing C a l i b r a t i o n s  

A c a l i b r a t i o n  can be abor ted  t o  perform an emergency s t a t  ana€ys is .  
c a s e ,  t he  previous c a l i b r a t i o n  s l o p e s  a r e  used f o r  a n a l y s i s  c a l c u l a t i o n s .  The 
l i m i t a t i o n s  t o  t h i s  procedure a r e  a s  fol lows:  

I n  t h i s  

The ana lyze r  r e q u i r e s  30 seconds t o  prepare  f o r  an a n a l y s i s  a f t e r  an 
Since  a b o r t i n g  a c a l i b r a t i o n  with l e s s  than  30 abor ted  c a l i b r a t i o n .  

seconds l e f t  would r e q u i r e  more time than n o t  a b o r t i n g  t h e  c a l i b r a t i o n ,  
t h e  ana lyzer  d i s a l l o w s  a b o r t i n g  a c a l i b r a t i o n  under t h i s  30 second 
l i m i t  . 
An automatic  two-point c a l i b r a t i o n  cannot  be abor ted  under any 
circumstance once a maximum of  2-1/2, hours  has  e l apsed  s i n c e  t h e  l a s t  
two-point c a l i b r a t i o n  was performed. This l i m i t a t i o n  i s  s e t  t o  ensu re  
t h a t  proper  system performance is  not  compromised, 

A t  l e a s t  1 f u l l  c a l i b r a t i o n  must have been completed i n  o rde r  t o  
e s t a b l i s h  s l o p e  va lbes  f o r  use i n  an a b o r t  procedure. 

Abort .a c a l i b r a t i o n  as fol lows:  

1. If t h e  c a l i b r a t i o n  progress  s c r e e n  is no t  d i sp l ayed ,  p re s s  CLEAR 
r e p e a t e d l y  un t i l  i t  is d isp layed .  

2 .  Press CLEAR, ENTER t o  i n i t i a t e  t h e  a b o r t  sequence, 
-_I_ 

..1. ..... i....l 
. . .  . 
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4 SAMPLE HANDLING 

Th i s  s e c t i o n  o u t l i n e s  sample  hand l ing  requi rements  and g ives  r e fe rence  va lues  . 0' 
Cor rec t  sample handl ing  is  c r i t i c a l  t o  ensu re  t h a t  t h e  blood gas va lues  
obta ined  a c c u r a t e l y  r e f l e c t  t h e  " in  vivo" s ta te .  Ensure t h a t  a l l  samples  have 
been obta ined  and s t o r e d  fol lowing c o n s i s t a n t ,  c l i n i c a l l y  accepted pro tocols .  
I t  i s  p a r t i c u l a r l y  important  t o  ensu re  t h a t  samples are w e l l  mixed b e f o r e  
i n t r o d u c t i o n  i n t o  t h e  ana lyzer .  

4 , 1 Acceptable Samples 

P a r  ame t er s Sample( s) 

I >  ... oh. 

. . .  

PH* 

PCO;! * 

Po;! * 

. Whole blood,plasma o r  serum 

Whole b lood ,  expi red  a i r  

Whole blood,  expi red  a i r  

Sodium Whole blood,  plasma o r  serum 

- Potassium Whole b lood ,  plasma o r  serum 

I on i zed  Ca 1 cium* 

Hema t o  c r  i t 

*Anaerobic samples  

Whole blood,  p l a s h  o r  serum 

Whole blood 

C a p i l l a r y  Samples 

C a p i l l a r y  sampling r e q u i r e s  a n t i c o a g u l a t e d  Natelson C a p i l l a r y  Tubes wi th  an 
o v e r a l l  c a p a c i t y  of  280 u l .  
NOVA C a p i l l a r y  Adapters (cat. no. 06529)  as desc r ibed  i n  C a p i l l a r y  Sample 

Adapt t h e  C a p i l l a r y  Tubes t o  t h e  instrument  with - 
..*., .. . Analys is ,  Sec t ion  3.1.2. 

- 4.2 Ant icoagulants  

Sodium and Lithium hepar in  are t h e  recommended a n t i c o a g u l a n t s  f o r  pH, PC02, 
and PO;!. 
f l u o r i d e  a re  n o t  recommended f o r  use  wi th  t h e  instrument .  

Other an t i coagu lan t s  such as EDTA, c i t r a t e ,  o x a l a t e ,  o r  sodium 

Depending on whether the  .pre-heparinized s y r i n g e  o r  c a p i l l a r y  is f i l l e d  t o  
c a p a c i t y ,  blood con ta in ing  anywhere from 20 I.U. pe r  m l  t o  over  100 I.U. pe r  
ml hepa r in  w i l l  r e s u l t ,  Sample c o n t a i n e r s  t h a t  are n o t  f i l l e d  to  c a p a c i t y  . 
w i l l  have h ighe r  concent ra t ions  o f  h e p a r i n  and may show inaccura t e  r e s u l t s  due 
t o  t h e  f a c t  t h a t  sodium and l i t h i u m  h e  a r i n  w i l l  lower1 ion ized  calcium 
r e s u l t s  and sodium hepar in  may elevateg sodium r e s u l t s ,  (Our own exper ience  
i n d i c a t e s  t h a t  30 I . U ,  m l  sodium h e p a r i n  has no s i g n i f i c a n t  e f f e c t  on sodium 
r e s u l t s . )  Note these  cons ide ra t ions  when e s t a b l i s h i n g  r e fe rence  i n t e r v a l s  and 
i n t e r p r e t i n g  va lues  fo r  these  a n a l y t e s ,  

i 
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4.3 Reference Values 

ch l abora to ry  should e s t a b l i s h  and main ta in  i t s  own re fe rence  values .  The 
values  given h e r e  should be used only  as  a guide.  

Table 4.1 Reference Values 

8 

T e s t  

PH 

PCO2 . . ., .. . 
Actua l  Bicarbonate  
( p lasma) 

S tanda r d  B i c  arbona te  
( plasma) 

Base Excess 
(blood) 

( a d u l t s )  
(over  65 years) 
( i n f a n t s )  

02 S a t u r a t i o n  

,\,.,.,. 02 Content  
(Male) 
(Female) 

Hematocrit  
(Male) 
(Female) 

T e s t  

Na 

K 

A t  t e r  i a  1 

7 .35-7 .45 

35-45 mHg 

22-26 m01/L 

22-26 mmol/L 

0 + 2  ' - 

80-100 mmHg 
75-85 mmHg 
60-70 mmHg 

96-97% 

17 05-23 e 0  V O I X  
16.0-21.5 VolX 

43 -5 1% 
38-46% 

Venous 

7 -32 -7 -42 

41-51 mHg 

24-28 =oi/L 

25-40 mmHg 

40-70% 

Values f o r  Whole Blood 

138-146 mmo€/L 

3 -7-5 .5 mmol/L 

1.13-1.32 w 0 1 / L  
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1. Determination of Blood Ionized Calcium in  a Large Segment of the  Normal 
Adult Population 
Drop L. J . ,  Fuchs, C . ,  and Stulz  P.M. 
Cl in ica  Chimica Acta 89 ,  503-510 (1978) 

2 .  Col lect ion and Preservation of Specimens 
Winsten, S . ,  Stand. Meth. Clin.  Chem. 5 ,  1 (1965)  
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5 Maintenance 

This  s e c t i o n  covers  maintenance, d e s c r i b i n g  t h e  Maintenance Menu f u n c t i o n s ,  
o u t l i n i n g  a schedule  of  maintenance, and d e s c r i b i n g  the maintenance proce- 
dures.  A l ist  o f  recommended s p a r e  p a r t s  and s u p p l i e s  concludes t h e  s e c t i o n ,  

A Maintenance Log (PN 0 6 5 3 0 ) ,  c o n t a i n i n g  a performance record and a scheduled 
maintenance c h e c k l i s t ,  is supp l i ed  w i t h  the  instrument.  Use t h i s  l og  t o  
r eco rd  data f o r  long-term performance v e r i f i c a t i o n  and a l s o  t o  document 
instrument  maintenance. 

5.l Maintenance Menu 

... -.:..... 

...,.,.. .~ .. .. 

Access t h e  Maintenance Menu f u n c t i o n s  t o  perform maintenance. The func t ions  
are: 

E lec t rode  Subsystem C a l i b r a t i o n s  ( G a s ,  pH + H c t ,  and E l e c t r o l y t e s )  
which save  t i m e  ove r  a complete.system c a l i b r a t i o n  
Na+ Cond i t ion ing  f o r  c o n d i t i o n i n g  t h e  sodium e l e c t r o d e  
Flow C e l l  Cond i t ion ing  f o r  cond i t ion ing  t h e  flow path wi th  whole 
blood 
Gas and F l u i d  Primes f o r  b r i n g i n g  gas o r  r e a g e n t s  i n t o  t h e  system 
S e t  C a l i b r a t i o n  Gases f o r  s e t t i n g  t h e  c a l i b r a t i o n  gas va lues .  
Reagent Pack i n s t a l l a t i o n  t o  e n t e r  t h e  expected number o f  ana lyses  

CAUTION: Subsys t e m .  two-point c a l i b r a t i o n  c y c l e s  should n o t  be 
abor t ed  t o  perform a sample a n a l y s i s .  The subsystem 
two-point c a l i b r a t i o n  s l o p e s  are e ra sed  when a sub- 
system c a l i b r a t i o n  c y c l e  begins.  

Access t h e  Maintenance Menu as fol lows:  

1. From t h e  Ready For Analysis  s c r e e n ,  p r e s s  MENU t o  access t h e  Main Menu 
sere en, 

2. P r e s s  2, a c c e s s i n g  &he 
Maintenance Menu screen.  
I f  t h e  system is busy, ac- 
cess is  d i sa l lowed  u n t i l  
t h e  system is i d l e .  

W l N T Q W  )cDIu 

I hi Callbration 

3 Electrolyte Cal ibrat  ton 
4 MA* Conditioning 
S Flar Cell Conditionlng 
4 6ar Prime 
7 Fluid Prime 
8 Calibration 6ar.r 
9 R ~ 9 e n t  PACk 

2 pH 4 HCt CAlibratlOn 

Maintenance Menu 
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3. See Sec t ions  5.1.1 t o  5.1.9 t o  access t h e  a p p r o p r i a t e  maintenance 
sc reens ,  
f o r  the N a +  and Flow C e l l  c o n d i t i o n i n g  f u n c t i o n s )  t o  begin the func- 

Af t e r  access ing  the  d e s i r e d  s c r e e n ,  p r e s s  ENTER ( o r  ANALYZE 0 
t i o n .  
f u n c t i o n ,  press CLEAR t o  r e t u r n  t o  t h e  Maintenance Menu screen. 
CLEAR a g a i n  t o  r e t u r n  t o  the  Main Menu screen.  
t o  r e t u r n  to  Ready For Analysis s c reen .  

I f ,  b e f o r e  p r e s s i n g  ENTER, you wish - t o  e x i t  any maintenance 
Press 

P res s  CLEAR once more - 
5.1.1 G a s  C a l i b r a t i o n  . _  

Access t h i s  s c reen  t o  do a PCO;! and Po;! gas e l e c t r o d e s  subsystem two-point 
c a l i b r a t i o n .  S t a r t  a gas c a l i b r a t i o n  as fol lows:  

1. Press L from t h e  Mainte- 
nance Menu t o  access t h e  
gas c a l i b r a t i o n  funct ion.  
The Sequence S t a r t  screen 
is displayed.  

2.  P r e s s  ENTER t o  i n i t i a t e  a 
gas c a l i b r a t i o n .  To 
a b o r t  a gas c a l i b r a t i o n ,  
press CTXAR, ENTER. 

3 . A f t e r  t h e  c a l i b r a t i o n  
-- 

c y c l e  i s  complete t h e  
Ready For Analysis  s c r e e n  
is d i sp layed  . 

.:: .a 

Gar C a l i b r a t i o n  

S t a r t  Seguenet? 

Press M E R  t o  S t a r t  kqutncr .  

Press CLEAA t o  E x t t .  

12141 140 14 Nov 85 

Sequence S t a r t  (Gas) 

I f  a gas  e l e c t r o d e  e r r o r  occurs  du r ing  c a l i b r a t i o n  t h e  o p e r a t o r  w i l l  be  
a l e r t e d  on t h e  Ready For Analysis  screen.  
t roub le shoo t  pe r  Sec t ion  6.2 . 
5.1.2 p H  and R c t  Ca l ibra t ion  

I f  r e c a l i b r a t i o n  is n o t  s u c c e s s f u l ,  

.,.A,,,. 

Access t h i s  s c reen  t o  do a pH and Hematocrit Impedance e l e c t r o d e  subsystem 
two-point c a l i b r a t i o n ;  S t a r t  a pH and R c t  c a l i b r a t i o n  as follows: 

1. P r e s s  1- from the  Maintenance Menu t o  access t h e  pH and H c t  c a l i b r a t i o n  

2.  Press ENTER t o  i n i t i a t e  a pH and H c t  c a l i b r a t i o n .  To a b o r t  a pH and 

3. A f t e r  t h e  c a l i b r a t i o n  c y c l e  i s  complete ,  t h e  Ready For Analysis s c reen  

sc reen .  The Sequence S t a r t  screen is d i sp layed .  

H c t  c a l i b r a t i o n ,  p re s s  CLEAR, ENTER. 

is displayed.  

I f  an e r r o r  occurs  durirrg the c a l i b r a t i o n  on e i t h e r  t he  pH e l e c t r o d e  o r  the 
Hematocrit  Impedance E l e c t r o d e ,  you w i l l  b e  a l e r t e d  on the  Ready For Analysis 
s c reen .  I f  r e c a l i b r a t i o n  i s  n o t  s u c c e s s f u l ,  t roub le shoo t  p e r  Sect ion 6.2. 
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) 5.1.3 E l e c t r o l y t e  C a l i b r a t i o n  

Access t h i s  s c reen  t o  do a Na, K, and Ca* e l e c t r o d e  subsystem two-point 
c a l i b r a t i o n .  S t a r t  an e l e c t r o l y t e  c a l i b r a t i o n  as follows: 

,. . . . .. .. 

1. Press - 3 from t h e  Maintenance Menu t o  access the  E l e c t r o l y t e  c a l i b r a -  

2. P re s s  ENTER t o  i n i t i a t e  a n  e l e c t r o l y t e  c a l i b r a t i o n .  To a b o r t  a n  e l e c -  

3. Af t e r  t he  c a l i b r a t i o n  c y c l e  is complete,  t h e  Ready For Analysis s c r e e n  

t i o n  screen.  The Sequence S t a r t  s c r e e n  is displayed.  

t r o l y t e  c a l i b r a t i o n ,  p r e s s  -- CLEAR, ENTER. 

i s  displayed.  

I f  an e r r o r  occurs  du r ing  the  c a l i b r a t i o n  on any e l e c t r o l y t e  e l e c t r o d e ,  t he  
o p e r a t o r  w i l l  be a l e r t e d  on the  Ready For Analysis  screen.  
i s  n o t  success  f u l  , t roub le shoo t  pe r  Sec t ion  6 -2. 

I f  r e c a l i b r a t i o n  

5.1.4 Na+ Condit ioning 

This  Sec t ion  a l s o  appears  i n  S e c t i o n  5.4.2. 
t h e  Na e l ec t rode .  The inst rument  a s p i r a t e s  t h e  N a  cond i t ion ing  s o l u t i o n  t o  
the  Na e l e c t r o d e ,  cond i t ions  i t  f o r  30 seconds,  then f lu shes  the  flow path. 
Condition the  Na e l e c t r o d e  as fol lows;  

1. F i l l  a 2 m l  sample cup 1/2 f u l l  o f  Na Condit ioning So lu t ion  (PN 0 6 8 5 6 ) .  

Access t h i s  s c reen  t o  cond i t ion  

2. P r e s s  from t h e  Main- 
tenance Menu, access ing  
the  P o s i t i o n  Sample 
sc reen  and extending t h e  
probe . 
t h e  probe and p res s  - ANAL- 
YZE. Afte r  t h e  probe re- 
t rac ts ,  t h e  Na+ Cond i n  
Progress  sc reen  is d i s -  
played. To a b o r t  t h e  

3. P resen t  t he  s o l u t i o n  t o  

- 

c y c l e ,  press CLEAR, ENTER, 
4. Afte r  completion of t he  

c y c l e ,  t h e  Ready For 
Analysis s c r e e n  is . 
displayed.  

24 ~ c o r d r  to Campletlor 

14 )lor ma 12 lS¶laO 

N a +  Conditioning 

5. P res s  CALI ENTER t o  c a l i b r a t e  t h e  instrument .  
6 .  A f t e r  t h e  cyc le  is  complete,  t h e  Ready For Analysis screen i s  

displayed.  
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1.5 Flow C e l l  Condi t ioning 

c c e s s  t h i s  s c reen  t o  c o n d i t i o n  t h e  flow c e l l  w i th  whole blood,  thereby 

..... . .. 

enhancing sample flow. The instrument  a s p i r a t e s  blood i n t o  t h e  flow c e l l ,  
cond i t ions  f o r  5 minutes ,  then f lu shes  the flow c e l l .  Condi t ion t h e  flow ce l l  
as follows: 

1. F i l l  a 2 ml sample cup 112 fu?L of  whole blood. 
2. Press 5 from t h e  .Main: 

tenanc; Menu, a c c e s s i n g  
the  P o s i t i o n  Sample s c r e e n  
and ex tend ing  t h e  probe . 

3. P r e s e n t  t h e  blood t o  t h e  
probe and p r e s s  ANALYZE. 
Af t e r  t h e  probe retracts , 
t h e  Flow C e l l  Cond i n  
P rogres s  s c r e e n  is d i s -  
played. To a b o r t  t h e  
c y c l e ,  p r e s s  CLEAR, ENTER. 

4. A f t e r  completion o f  t h e  
c y c l e ,  t h e  Ready For 
Analysis  s c r e e n  is 
d i sp l ayed .  

-- 

Fl& Cell Cmd In'Progre88 

Press CLEAR to Abat Sequence 

30 brcondr to Carpletion 

14 Nw 81 12144150 

Flow C e l l '  Conditioning 

Access t h i s  s c r e e n  a f t e r  changing t h e  gas c y l i n d e r s  t o  prime t h e  system wi th  
Gases A and B. A b 0 r t i n g . a  gas  prime w i l l  cause a flush sequence t o  occur 
b e f o r e  t h e  Ready For Analysis  s c r e e n  i s  displayed.  S t a r t  a gas prime as 
fol lows : 

......>... 1. P r e s s  6 from t h e  
MainteTance Menu, ac- 
c e s s i n g  t h e  Gas Prime 
Sequence S t a r t -  screen.  

2. P r e s s  ENTER t o  i n i t i a t e  a 
gas  prime. To a b o r t  a gas 
- 

prime p r e s s  CLEAR, ENTER. -- 
3. Af te r  completion o f  the 

gas prime, t he  Ready For 
Analysis  s c r e e n  is 
displayed.  

6as P r i m  

Star t  kquerce? 

Press M E R  to b t u t  Sequence. 

h 8 S  am to 

14 NW 81 12r43140 

Gas Prime Sequence S t a r t  



5.1.7 Fluid  P r ime  

Access the  f l u i d  prime sc reen  when changing the  Reagent Pack and €or  o t h e r  
replacement and maintenance procedures.  
f l u s h  sequence t o  occur  b e f o r e  the  Ready For Analysis s c reen  i s  d isp layed .  
S t a r t  a f l u i d  prime as follows: 

Aborting a f l u i d  pr ime w i l l  cause a 

. - .. .. .. 
. .. . 

1. Pres s  I, from the  Maintenance Menu, access ing  t h e  F lu id  Prime Sequence 

2. P r e s s  ENTER t o  i n i t i a t e  a f l u i d  prime. To a b o r t  a f l u i d  prime p r e s s  

3. A f t e r  completion of  t h e  f l u i d  prime, t he  Ready For Analysis  s c reen  is 

S t a r t  sc reen .  

CLEAR, ENTER. -- 
disp layed .  

5.1.8 S e t  C a l i b r a t i o n  Gases 

Access t h i s  s c r e e n  t o  set  t h e  ins t rument  program t o  match t h e  gas c y l i n d e r s .  
gas percent  composi t ion va lues .  
t he  program as follows: . 

Enter  t h e  gas pe rcen t  composition i n t o  t h e  

CAUTION: Cor rec t  c a l i b r a t i o n  gas  va lues  a r e  c r i t i c a l  f o r  v a l i d  
c a l i b r a t i o n  and a n a l y s i s  r e s u l t s .  

1. From t h e  Maintenance Menu, 
p re s s  & t o  access  t h e  Set ,  
C a l i b r a t i o n  Gases s.creea. 

2. Press ENTER r e p e a t e d l y  t o  
cyc le  t h e  c u r s o r  (appear- 
i ng  t o  t h e  r i g h t  o f  t h e  
va lues )  through t h e  a v a i l -  
a b l e  v a l u e s  t o  t h e  appro- 
p r  ia.te va lue .  

"WY.,.. 3.  Key i n  t h e  c o r r e c t  pe rcen t  
gas composition va lue  . 

4. Press ENTER t o  r e p l a c e  t h e  
o r i g i n a l  v a l u e -  w i th  t h e  
new d e f a u l t  value.  To 
cance l  an e n t r y ,  press 

r 

P r t r r  ENTER to Enttr  Ualut or $&yip Entry. 
Prtsr CLEAR to Otlttt Lntrv or Exit. 

17 k o  85 14r43r3 l  - -  
CLEAR i n s t e a d  of p r e s s i n g  
ENTER. - 

S e t  C a l i b r a t i o n  Gases 

5 .  Afte r  a l l  a p p r o p r i a t e  va lues  have been changed, press CCEAR t o  r e t u r n  
t o  the  Maintenance Menu, then CLEAR aga in  t o  r e t u r n  t o  t h e  Main Menu, 
then CLEAR aga in  t o  r e t u r n  t o  t h e  Ready For A n a l y s i s  sc reen .  
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monitors t h e  expected number o f  ana lyses  remaining i n  the rea- 
g e n t  pack by count ing down from an  o p e r a t o r - s e t  maximum number of  analyses .  
This  maximum number depends on t h e  u s e  rate of t he  s p e c i f i c  lab  and is  de te r -  
mined on a t r i a l  b a s i s  by s e t t i n g  a number then  a d j u s t i n g  t h i s  number when t h e  
r eagen t  pack is replaced. (Replace t h e  pack per  Sec t ion  5.4.11 when the  f l u i d  
i n  the  window on t h e  r eagen t  pack is  low and t h e  instrument  does not func t ion  
due t o  low f l u i d  l eve l s . )  The a n a l y s e s  remaining number is only an a i d  t o  ex- 
t e r n a l l y  monitor r eagen t  pack f l u i d  leve ls - ins t rument  o p e r a t i o n  w i l l  not  s t o p  
when 0 i s  reached. S t a r t  up a new r e a g e n t  pack as follows: 

.: . ., .. ........ 

1. Pres s  9, access ing  t h e  
Reagent Pack screen.  

2. Remove t h e  o l d  r e a g e n t  
pack pe r  Sec t ion  5.4.12. 

3. I n s t a l l  t h e  new r e a g e n t  
pack i n  t h e  r e a g e n t  pack 
bay t o  t h e  l e f t  of t h e  an- 
a l y z e r  compartment. 

4. En te r  t h e  expected number 
o f  analyse-s (a  3 d i g i t  
number), then press ENTER 
to  e n t e r  t he  value.  The 
Maintenance Menu s c r e e n  is 
au tomat i ca l ly  displayed.  

- 

5. Perform a f l u i d  prime per  0 Sec t ion  5.1.7. 

R V I 6 P n  PnCK 
_ .  

Prrrr ENTER to Entrr Vrlur. 
Prrrr CLWR to b l r t r  Entrr or Exit. 

28 Drc SS l lr24100 

Reagent .Pack 
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5 -2 Performance V e r i f i c a t i o n  Data 

For long-term performance v e r i f i c a t i o n ,  e n t e r  t he  fol lowing d a t a  d a i l y  i n  the  
performance r eco rd  s e c t i o n  of  t h e  Maintenance Log. 

System S t a t u s  Values 
Flow t i m e s  
A i r  Bath and Sample P rehea te r  Temperature 
Barometric P res su re  d i f f e r e n c e  from e x t e r n a l  barometer 
Tests Remaining i n  t h e  Reagent Pack 

E lec t rode  Slopes 

':..' 

Standard A (pH), Standard C (Na, K ,  Ca*) and Gas A 
(pc02, P%) m i l l i v o l t  values. 

"OVA S t a t  P r o f i l e  Con t ro l  Values 
( inc lud ing  Hematocrit Cont ro ls )  

1 
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3 Scheduled Maintenance 

is extremely important  t o  perform p reven t ive  maintenance as  scheduled. The 
aaintenance schedule  is based on a 25 sample per  day average. High volume 
Labs should perform maintenance more f requent ly .  

NOTE: Keep t h e  ana lyzer  compartment door c losed  as much as 
p o s s i b l e  when performing maintenance. This  w i l l  keep 
t h e  components i n s i d e  t h e  ana lyzer  compartment a t  t h e  
c o r r e c t  temperature and minimize t h e  t h e  needed t o  
r e g a i n  c o r r e c t  ope ra t ing  temperature.  

Table  ' 5 . 1  Scheduled Prevent ive  Maintenance 

%...,. .. \.... 
. . ... . .  

Aspirate Cleaning Sdution' 5.4.1 )( 
Na+ Conditioning Solution 5.4.2 x 
Flow Ceii Conditioning W W e  Bloodc. 5.4.3 x 
Clean Septum Assembly Inlet Port 5.4.4 x 
Check Humidifier Water Levei 5.4.5 x 
chedcAmt.andpressureofGeses 5.4.23 )( 
Rememkane Gas Eledrodes 5 4 a  9 X 
Replace W/R Tubing Segments 54.11 ( x  

I Repbce/Vaarum Fan Filter I 5.422 I I ' Replace W/R Hamess 5.4.12 

Replace Reagent Hamess 5.4.13 

Replace Septum Hamess 5.4.14 

*Most commonly performed a t  end of  s h i f t  o r  day. 

**Condition wi th  whole blood a f t e r  pe r iods  of  instrument  
i n a c t i v i t y ,  c l ean ing ,  o r  e l e c t r o d e  maintenance, 
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5.4 Maintenance Procedures 

Perform these  procedures  per the  suggested schedule  i n  Sec t ion  5.3 and a s  
needed. 
maintenance log .  

Check o f f  procedure performance i n  the  c h e c k l i s t  conta ined  i n  t h e  

I 
CAUTION: I n  t h e  fo l lowing  procedures ,  whenever the  sampler probe 

Probe damage w i l l  occur 
i s  i n  p o s i t i o n  9 ( f u l l  ex t ens ion )  do no t  open o r  c l o s e  
t h e  ana lyze r  compartment door. 
i f  t h e  door is  opened o r  c losed.  

5.4.1 

Asp i r a t e  c l e a n i n g  s o l u t i o n  t o  c l e a n  t h e  flow pa th  as follows: 

A s p i r a t e  Cleaning So lu t ion  (Flow Path  Cleaning) 

1. F i l l  a 2 m l  sample cup l / 2  f u l l  o f  c l ean ing  s o l u t i o n  (PN 06979) .  
2. From t h e  Ready For Analys is  s c reen ,  press E, E,  2 t o  access  t h e  Po- 

3. P resen t  t h e  Cleaning So lu t ion  sample t o  t h e  probe aad press ANALYZE. 

To a b o r t  t h e  c y c l e ,  p r e s s  -- CLEAR, ENTER. 

s i t i o n  Sample sc reen  o f  t h e  Flow C e l l  Condi t ion ing  cyc le .  

Af t e r  t h e  probe r e t r a c t s ,  t he  Flow C e l l  Cond i n  P rogres s  sc reen  is  d i s -  
played (see Sec t ion  5.1.5). 

d i sp l ayed  . 
p l e t e ,  p r e s s  CAL, ENTER aga in  f o r  a second c a l i b r a t i o n .  

4 .  A f t e r  completion of t h e  c y c l e ,  t h e  Ready For Analysis  s c reen  is 

5 .  Press CAL, ENTER t o  i n i t i a t e  a c a l i b r a t i o n . -  Af t e r  t h e  cyc le  i s  com- 
-- 

5.4.2 Na+ Condi t ion ing  

Access t h i s  s c r e e n  t o  cond i t ion  t h e  Na e l e c t r o d e .  The ins t rument  a s p i r a t e s  t h e  
N a  c o n d i t i o n i n g  s o l u t i o n  t o  t h e  Na e l e c t r o d e ,  c o n d i t i o n s  i t  f o r  30 seconds,  
then f lu shes  t h e  flow path. Condi t ion t h e  N a  e l e c t r o d e  as follows: 

1. F i l l  a 2 m l  sample cup 1/4 f u l l  a f  Na Condi t ion ing  So lu t ion  (PN 06856) .  
2. From the Ready For 

Analys is  s c r e e n ,  P r e s s  
MENU, 2 ,  4 t o  access  t h e  
P o s i t i o n  Sample sc reen  and 
extend t h e  probe . 
t h e  probe and p r e s s  ANAL- 
YZE. A f t e r  t h e  probe re- 
t r a c t s ,  t h e  Na+ Cond i n  
P rogres s  sc reen  is  d i s -  
played. To a b o r t  t h e  
c y c l e ,  p r e s s  CLEAK, ENTER. 

4. Afte r  completion o f  t he  
cyc le ,  t h e  Ready For 
Analysis  s c r e e n  is  
d isp layed .  

- - -  
3. P r e s e n t  t h e  s o l u t i o n  t o  

- 

-- 
24 kconds to Conpletlon 

. 1 4 - M  12 IS5 IS0 

Na+ Condi t ion ing  

5 .  Press CAL, ENTER t o  c a l i b r a t e  t h e  ins t rument .  
6 .  Afte r  t h e  c y c l e  i s  complete,  t h e  Ready For Analysis  s c reen  is 

d is played . 
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' . 4 . 3  Flow C e l l  Condi t ioning 

~ ( b  n d i t i o n  the  flow c e l l  w i th  whole blood t o  enhance sample flow. The 
ins t rument  a s p i r a t e s  blood i n t o  t h e  flow c e l l ,  cond i t ions  for 5 minutes,  then 
f lu shes  the  flow c e l l .  Condi t ion t h e  flow c e l l  a s  follows: 

1. F i l l  a 2 ml sample cup 1/2 f u l l  o f  whole blood, 

. .  . ..,. .... i. 

2 .  From t h e  Ready For 
Analys is  s c reen ,  press 
MENU, 1, 2 t o  access  t h e  
P o s i t i o n  Sample s c r e e n  and 
extend t h e  probe. 

3. P resen t  t h e  blood t o  t h e  
probe and press ANALYZE. 
Afte r  t h e  probe r e t r a c t s ,  
t h e  Flow C e l l  Cond i n  
Progress  sc reen  is  d i s -  
played. To a b o r t  t he  
c y c l e ,  p ress  CLEAR, ENTER. 

4. A f t e r  completion of t h e  
c y c l e ,  t h e  Ready For 
Analysis  s c reen  is 
d i sp layed  . 

- Clw C e l l  tond in  Progress 

Press CLEAR to &bort Sequence 

14 wu w 12:441¶0 

-'.e .4.4 Septum Assembly I n l e t  Port Cleaning  

Flbv C e l l  Condi t ioning 

Whenever necessary ,  c l e a n  t h e  septum assembly i n l e t  p o r t  us ing  a c l e a n  swab 
moistened with de ionized  water (F igure  5 . 1) , 

*i.. ;.;. 

Figure 5.1 Septum Assembly I n l e t  P o r t  Cleaning 
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5.4.5 G a s  Humidifier W e l l  F i l l i n g  

F i l l  t h e  humid i f i e r  chambers wi th  de ionized  water t o  t h e  f i l l  Lines on t h e  
chamber (Figure 5.2). When r e p l a c i n g  t h e  caps ,  ensure t h a t  they  are c o r r e c t l y  
sea t ed  and t i gh tened  down f u l l y  t o  prevent  gas leakage. 

I f  over  t i m e  t h e  water becomes cloudy,  withdraw t h e  water wi th  a s y r i n g e ,  
r i n s e  t h e  chambers w i t h  de ionized  water, withdraw the  r i n s e  wa te r ,  clean t h e  
chamber walls with a swab, then r e f i l l  t h e  chambers. 

... "" .. ., 
. . .  

- 
,(I..*,.,. ,. 

I 
p r e  5.2 Gas Humidifer Well F i lL  Levels 
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.6 Flow Path and Component F lush ing  

f lu sh  the  e n t i r e  flow pa th  with a i r  o r  water ,  perform Steps  1 - 6 of t h e  
Flow Path Flush procedure. For a f l u s h  of  t h e  flow pa th  s t a r t i n g  a t  t h e  
sample p rehea te r ,  open t h e  ana lyze r  compartment door ,  de tach  t h e  c r imp  lock 
and S l i n e  from t h e  sample p r e h e a t e r ,  a t t a c h  the  probe c l ean ing  s y r i n g e  tub ing  
d i r e c t l y  t o  t h e  bottom of  t h e  sample p rehea te r ,  access  t h e  System T e s t  1 
sc reen ,  and cont inue  wi th  S t e p  4. 
t he  S l i n e  and crimp lock  t o  t h e  sample prehea ter .  

When through with t h e  procedure,  r e a t t a c h .  

For i n d i v i d u a l  components o f  t he  flow pa th ,  perform t h e  a p p r o p r i a t e  procedure 
pe r  the I n d i v i d u a l  Component procedures.  

I i 

CAUTION: Do n o t  open o r  c l o s e  t h e  ana lyzer  compartment door  
when t h e  probe is  i n  p o s i t i o n  9 .  Probe damage w i l l  
occur  . 

Flow Path  Flush 

1. Open t h e  ana lyze r  compartment door. 
2. From t h e  Ready For Analys is  s c r e e n ,  p re s s  MENU, 2, 1, 6 ,  9 t o  move t h e  

3. P u l l  back on t h e  p lunger  o f  a probe c l ean ing  s y r i n g e  (PN 02702) f i t t e d  

4. P r e s s  9 t o  open t h e  Pump Bypass Valve. 
5. Push a% through t h e  flow pa th  (F igu re  5.3). 

- -  
sampler probe t.o t h e  sample as p i r a t i o n  pos i t ion .  

with a l e n g t h  of t u b i n g  and a t t a c h  t h e  tub ing  t o  t h e  sampler probe t i p .  

I f  a flow blockage is 
encountered and not e l i m i n a t e d ,  perform t h e  fol lowing f l u s h i n g  
procedures  f o r  t h e  suspec ted  component. 

8 

I 

, CO"". 

Figure  5.3 Flow Path  Air Flush 
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6. I f  o the r  components need f l u s h i n g ,  cont inue with the  I n d i v i d u a l  
Component Flush a s  follows. I f  no o t h e r  components need f l u s h i n g ,  
press 2, 5, 0, CLEAR, CLEAR t o  r e t u r n  t o  the  Main Menu, and c l o s e  t h e  
ana lyze r  compartment door. 

I n d i v i d u a l  Component Flush 

Sampler Probe Flush 

Check the probe f o r  blockage and f l u s h  i f  necessary as follows: 

I..,.. ..... 

1. P r e s s  3 ,  1, 3 t o  change t h e  PO2 g a i n  t o  - Low. (Do t h i s  t o  d e l a y  
automaFic f l z s h  o r  c a l i b r a t i o n  c y c l e s  f o r  maintenance -- movement of 
any System T e s t  f u n c t i o n  w i l l  r e s u l t  i n  de l ay  o f  t h e  c y c l e s ,  b u t  t h e  
Po;! ga in  is t h e  most convenient.) 

2. Open t h e  a n a l y z e r  compartment door. 
p r e h e a t e r  by s l i d i n g  t h e  b l ack  c r imp  lock  o f f  t h e  sample p r e h e a t e r  
connector and p u l l i n g  t h e  S l i n e  o f f .  
s y r i n g e  f i l l e d  wi th  deionized water t o  t h e  S l i ne .  

3. From t h e  Ready For Analysis s c r e e n ,  p r e s s  E, 2, 1, a, 2 t o  move the  
sampler probe o u t  o f  t h e  septum assembly. 
t he  probe t i p .  

Remove t h e  S l i n e  from t h e  sample 

Attach the f l e x i b l e  t u b i n g  of a 

P o s i t i o n  a beaker underneath 

4 .  Push t h e  de ion ized  water through the  probe. 
5 .  I f  l i t t l e  o r  no flow occur s  t h e r e  is probably a blood c l o t  i n  t h e  sam- 

p l e r  probe which may be f r e e d  by f o r c i n g  deionized water through the . 
probe. 
(PN 06979)  i n t o  t h e  s y r i n g e  and, a f t e r  l e t t i n g  t h e  s o l u t i o n  s i t  on t h e  
c l o t ,  f o r c e  t h e  remaining s o l u t i o n  through t h e  c l o t .  
deionized w a t e r - f i l l e d  s y r i n g e  t o  the  probe and push water through the 
probe . 

6. If, a f t e r  performing S tep  5 ,  a s t e a d y  stream of  water does no t  l eave  
t h e  probe t i p ,  remove t h e  probe (Sec t ion  5.4 .16)  and i n s p e c t  f o r  a b e n t  
sampler probe. 

to  the Main Menu, and close the analyzer compartment door. 

I f  t h i s  is n o t  s u c c e s s f u l ,  draw some c l e a n i n g  s o l u t i o n  

Again a t t a c h  a 

A b e n t  probe w i l l  reduce flow and should be r ep laced .  
7 .  I f  no o t h e r  components need f l u s h i n g ,  p r e s s  2, CLEAR, CLEAR to  r e t u r n  

. .. . 

P t e h e a t t r ,  Flow C e l l ,  and Reference E lec t rode  Flush 

Perform S teps  1 - 10,  then proceed t o  t h e  a p p r o p r i a t e  Component(s). 
Figure 5 .4 throughout t h i s  procedure . Refer t o  

1. From t h e  Ready For Analysis  s c r e e n ,  p r e s s  E, 2, 1, 2, E, 5 t o  empty 

2. A f t e r  10 seconds,  p r e s s  E, - -  0 ,  9 t o  s t o p  gas  flow. 
3. P r e s s  2 t o  change t h e  PO2 g a i n  t o  - Low. 

t h e  r e a g e n t  l i n e s .  

(Do t h i s  t o  de l ay  au tomat i c  
f l u s h  o r  c a l i b r a t i o n  c y c l e s  f o r  maintenance 
T e s t  f u n c t i o n  w i l l  r e s u l t  i n  de l ay  o f  t he  c y c l e s ,  b u t  t h e  PO2 g a i n  is 
t h e  mos t convenient  . 

4. Clamp and d i sconnec t  t h e  W and R l i n e s  Erom the  r e fe rence  e l e c t r o d e .  
5 .  Unplug a l l  e l e c t r o d e  cab le s  from t h e  e l e c t r o d e  r ack  assembly. 
6. Disconnect t h e  S l i n e  from the  sampler p r e h e a t e r  by s l i d i n g  t h e  crimp 

-- movement of any System 

Lock off t h e  connector  and p u l l i n g  the  S Line o f f .  
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7 .  Remove t h e  preheater-flow ce l l - r e fe rence  e l e c t r o d e  assembly by f i r s t  
t u r n i n g  t h e  bottom s l o t t e d  r e t a i n e r  screw 114 t u r n  counterclockwise,  
then p u l l i n g  t h e  assembly s t r a i g h t  oEf t he  guide p i n  and e lec t r i ca l  
connectors  , 

8 .  Loosen t h e  thumbscrew loca ted  on top  of  t he  r e fe rence  e l e c t r o d e ,  t u r n  
the  r e t a i n i n g  b lock  t o  the  s i d e ,  and r e t i g h t e n  the  thumbscrew. 

9 .  L i f t  t he  r e fe rence  e l e c t r o d e  up and ou t  of  t h e  way of  t he  flow c e l l .  
10. I f  t h e  blocked component is known, proceed t o  the component as f o l -  

lows. Otherwise,  cont inue  wi th  S tep  11, 

Thumbscrew 
/ lop Slotted 

Retainer 
Retaining Fastener 
Block 

El ectrical Connector 1 

Electrode Rack Assembly 
/L 

Figure 5.4 Preheater-Flow Cell-Reference I n s t a l l a t i o n  
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Reference Elec t rode  Flush 

~ 0’ 

. ,:., .,.,.. 

. .  . 

11. Attach a s y r i n g e  con ta in ing  deionized water t o  W p o r t  (F igu re  5.5) and, 
while cover ing  t h e  R p o r t ,  push water through the  e l e c t r o d e  so t h a t  t h e  
water  flows o u t  t h e  flow c e l l  port .  

Port  Covered) 

5.5 Flushing  the  Reference Elec t rode  

12. Repeat S t ep  11, a t t a c h i n g  t h e  sy r inge  t o  t h e  R p o r t  and cover ing  t h e  W 

13. If f l u s h i n g  t h e  flow ce l l  or t h e  sample p rehea te r  is n o t  needed, con- 
p o r t  . 
t i n u e  wi th  S tep  22. 
ter-clockwise and l i f t  t h e  flow c e l l  w i th  the  e l e c t r o d e s  s t i l l  i n s e r t e d  
o f f  t h e  sample p rehea te r  connector.  Continue with the  a p p r o p r i a t e  com- 
ponen t e 

Otherwise,  t u r n  t h e  top  thumbscrew l / 4  t u r n  coun- 

Flow C e l l  Flush 

14. I n s e r t  t h e  b l u n t  t i p  needle  (from probe c l ean ing  k i t )  o f  a s y r i n g e  
f i l l e d  with de ion ized  water i n t o  an in t e rconnec t  tub ing  on t h e  flow 
c e l l  and push de ionized  water through the  flow c e l l  (F igu re  5 . 6 ) .  
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,.. . . ._ ,' .. 
. .. 

. .  

Figure  5.6 Flushing  t h e  Flow C e l l  

. .  

15. Repeat S t ep  149 f l u s h i n g  t h e  flow cel l  i n  t h e  oppos i t e  d i r e c t i o n  by 

16. I n s p e c t  t h e  flow c e l l  f o r  c racks  and o t h e r  p h y s i c a l  damage. 
17. Check t h e  in t e rconnec t  t ub ing  a t t a c h e d  t o  t h e  f l o w x e l l  f o r  

ho ld ing  t h e  s y r i n g e  onto  t h e  o t h e r  .flow ce l l  in t e rconnec t  tubing.  

l e a k s  or breakage. 

0 

. ... <. .... <., 

Sample Prehea te r  Flush 

18. I f  t he  flow c e l l  is s t i l l  on t h e  sample p rehea te r ,  remove by t u r n i n g  

19. Attach the tubing  of a c lean ing  s y r i n g e * f i l l e d  wi th  de ionized  water  t o  
the top slotted re thiaer screw 1/4 turn counter-clockwise . 
t h e  bottom connector  and push water through t h e  sample prehea ter  
(F igu re  5.7) . 



.“I....... . 
Figure 5.7 Flush ing  t h e  Sample P rehea te r  

20. For b e s t  c l e a n i n g ,  r e p e a t  S t e p  19,  pushing water through the t o p  con- 
nec t o r  of t h e  preheater .  

Reas s emb l y  Procedure 

21. Reattach t h e  flow c e l l  t o  t h e  sample p r e h e a t e r  back p l a t e  as follows: 

a. S e t  t he  flow ce l l  i n t o  t h e  recess on t h e  sample p r e h e a t e r ,  a l i g n i n g  
t h e  r i g h t  s u r f a c e  o f  t h e  flow cel l  f l u e h  wi th  the r i g h t  s i d e  o f  t h e  
back p l a t e .  
s e a t e d  p rope r ly  on t h e  sample p r e h e a t e r  top connector.  

Ensure t h a t  t h e  flow c e l l  i n t e rconnec t  tubing is 

b. Turn t h e  top s l o t t e d  r e t a i n e r  screw 1/4 t u r n  clockwise. 

22. Replace t h e  r e f e r e n c e  e l e c t r o d e  on t o p  o f  t h e  flow ce l l  by p l ac ing  t h e  
e l e c t r o d e  on top of t h e  flow ce l l ,  a l i g n i n g  t h e  e l e c t r o d e  a i d e s  with 
the backp la t e  s i d e s .  Ensure t h a t  the r e f e r e n c e  e l e c t r o d e  connector is 
sea t ed  p rope r ly  on t h e  flow c e l l  i n t e r c o n n e c t  tubing. 
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2 3 .  Loosen t h e  r e t a i n i n g  block thumbscrew, c e n t e r  t h e  r e t a i n i n g  b lock  i n  
t h e  depress ion  on t o p  of t h e  e l e c t r o d e ,  and r e t i g h t e n  the  thumbscrew. 

2 4 .  Replace t h e  preheater-f low c e l l - r e f e r e n c e  e l e c t r o d e  assembly by a l i g n -  
i ng  t h e  guide p i n ,  p r e s s i n g  t h e  assembly onto t h e  e l e c t r i c a l  connec- 
t o r s ,  then  tu rn ing  t h e  bottom s l o t t e d  r e t a i n e r  screw 114 t u r n  clockwise 
t o  engage t h e  e l e c t r o d e  rack  assedbly.  

2 5 .  Plug a l l  cab le s  i n t o  t h e  e l e c t r o d e  r ack  assembly. 
26. Reconnect t h e  S l i n e  t o  t h e  sample p rehea te r  by connect ing the  S Line 

27. Attach and unclamp t h e  W and R l i n e s  t o  the  r e f e r e n c e  e l e c t r o d e .  
28 .  Close t h e  ana lyze r  compartment door and wa i t  S minutes f o r  t h e  compart- 

ment t o  come t o  temperature  . 
29. Veri fy  good flow of s o l u t i o n  as fol lows:  

and s l i d i n g  t h e  crimp lock  over  t h e  connection. 

a. 
b. 

P r e s s  6 ,  L, - -  5 ,  4 t o  a s p i r a t e  f l u s h  s o l u t i o n .  
Observz t h e  waste l i n e  f o r  proper  fl.ow f o r  5 secoqds. 
a s p i r a t i o n  by p res s ing  2, 0, 
i n t e rconnec t ions  be tyeen  t h e  S l i n e  - p r e h e a t e r ,  p rehea te r  - fl'ow 
ce l l ,  and flow c e l l  - r e f e r e n c e  e l e c t r o d e ,  add check t h a t  t he  W and 
R tub ings  a r e  proper ly  connected. 

Stop 
I f  t h e  flow was impeded, check t h e  

3 0 .  Press  

31. Press CAL, ENTER t o  perform a two-point c a l i b r a t i o n .  

- 6,  E, CLEAR, CLEAR., CLEAR, t o  r e t u r n  t o  t h e  Ready f o r  Analysis  
screen.  I 

I 

,..,..... : 
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, 5.4.7 Na, K, Ca*, and pH Elec t rode  Precondi t ion ing  and Replacement 

1. From t he  Ready For Analysis screen, p r e s s  MENU, 2, 1, 2, E, 5 t o  man- 
u a l l y  pr ime gas and d i sp lace  f l u i d  from t h e  flow c e l l .  

2. Afte r  10 seconds,  press 8, 0, 9 t o  s t o p  t h e  gas  prime. 
3 .  Press 3 t o  change the  Po2 g a i n t o  - Low. (Do t h i s  t o  de l ay  au tomat ic  

f l u s h  zr c a l i b r a t i o n  cyc le s  f o r  maintenance 
T e s t  f u n c t i o n  w i l l  r e s u l t  i n  de lay  of  t he  c y c l e s ,  b u t  t h e  PO2 g a i n  is  
t h e  most convenient.)  

4. Open t h e  ana lyze r  compartment door and l o c a t e  the  e l e c t r o d e  t o  be  re- 
placed.  
damaging t h e  e l e c t r o d e  . 

5 .  Unplug t h e  e l e c t r o d e  cab le  from the  e l e c t r o d e  rack  assembly. 
6. Unclip t h e  e l e c t r o d e  and remove from the  flow ce l l  (Figure 5 . 8 ) .  

-- movement o f  any System 

I f  removing the  Na e l e c t r o d e ,  u s ing  e x t r a  care t o  avoid 

Figure 5 -8 Electrode-Flow C e l l  Assembly 

7. Remove t h e  washer us ing  t h e  washer removal t o o l  (PN 07157 - hook t h e  
washer w i t h  the  hook end o f  t h e  tool) and, w i th  a l i n t l e s s  t i s s u e  o r  
swab, d ry  t h e  e l e c t r o d e  chamber and washer thoroughly.  If bubbLe hang 
up a t  t h e  e l e c t r o d e  t i p  w a s  a problem, o r  i f  o t h e r  problems sugges t  a 
bad washer,  r e p l a c e  t h e  washer per  S tep  8 .  
c o n t a i n  a washer. 

end o f  t h e  washer removal t o o l  (Figure 5.9) and i n s e r t  i t  i n t o  t h e  flow 
ce l l ,  s e a t i n g  i t  a g a i n s t  the  back w a l l  o f  t h e  chamber. I f  washer 
replacement  is the  only a c t i o n  needed ( cond i t ion ing  t h e  e l e c t r o d e  is 
unnecessary) ,  perform t h e  following: 

The sodium chamber does not  

8. P o s i t i o n  t h e  c o r r e c t  e l e c t r o d e  washer (from k i t  PN 07159) on t h e  broad 

a. I n s e r t  t he  e l e c t r o d e  i n t o  the  flow c e l l  by s l i d i n g  t h e  guide 
p in  and e l ec t rode  body i n t o  the  flow ce l l  u n t i l  i t  c l i p s  i n t o  
p l ace  . 

b. P lug  t h e  cab le  i n t o  the  e l e c t r o d e  rack  assembly. 
c. Go t o  S t e p  11. 

9 .  Close t h e  ana lyzer  compartment door. 
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Figure  5.9  Flow C e l l  Washers and I n s e r t i o n  

10. P recond i t ion  t h e  N a ,  K ,  Ca*, o r  pH e l e c t r o d e  as fol lows:  

Sodium 

Shown Here) 

Washer 
Removal Tool 
(Insertion end 
used) 

CAUTION: The sodium e l e c t r o d e  is extremely d e l i c a t e ;  handle  
wi th  extra care t o  avoid  damage. . 

a. Open t h e  ana lyze r  compartment door. I n s e r t  t h e  e l e c t r o d e  
(PN 06011) i n t o  t h e  flow c e l l  by s l i d i n g  t h e  guide  p i n  and 
e l e c t r o d e  body i n t o  t h e  flow ce l l  u n t i l  i t  c l i p s  i n t o  place.  

0 
b. Plug  i n  t h e  cable .  
C. Close t h e  ana lyze r  compartment door. 
d. F i l l  a 2 ml sample cup with N a  Condi t ion ing  s o l u t i o n  (PN 06856) .  

.. .. .. .. I 
NOTE: A l l  electrodes must be i n  the flow ce l l  dur ing  a N a  

Condi t ion ing  cyc le .  

e. 

f .  Press ANALYZE t o  a s p i r a t e  the  s o l u t i o n .  Withdraw t h e  cup when t h e  

g .  

Press C L E f i ,  CLEAR t o  r e t u r n  t o  t h e  Main Menu s c r e e n ,  then p res s  2-, - 4 and p resen t  t h e  s o l u t i o n  t o  t h e  probe. 

probe r e t r a c t s .  
When t h e  c y c l e  is f i n i s h e d ,  p r e s s  - -  MENU, 2 ,  4, then p r e s e n t  t h e  N a  
s o l u t i o n  t o  the  probe and p res s  ANALYZE f o r  a second N a  
cond i t ion ing  cycle .  
From t h e  Ready For Analysis  s c r e e n ,  p r e s s  MENU, 2 , 3 ,  ENTER t o  
perform an E l e c t r o l y t e  C a l i b r a t i o n .  
Repeat S t ep  h ,  performing a second E l e c t r o l y t e  C a l i b r a t i o n  cyc le .  
I f  performing maintenance on o t h e r  e l e c t r o d e s ,  press MENU, 3 ,  I ,  2 
to  change the  Po2 ga in  t o  - LOW. ( D o  t h i s  t o  de lay  au tomat ic  f l u s h  
or c a l i b r a t i o n  cyc le s  f o r  maintenance -- movement of  any System 
T e s t  func t ion  w i l l  r e s u l t  i n  de lay  o f  t h e  c y c l e s ,  b u t  t he  PO2 
g a i n  is t h e  most convenient.)  Otherwise,  go to S t e p  11. 

-- 

h. 

i. 
j. 

- - - -  

- -  

. .  
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Potassium and Ionized  Calcium 

a.  Holding the  e l e c t r o d e  (K - PN 06009, Ca* - PN 06007) t i p  
downwards, with a wrist-snapping motion shake the  e l e c t r o d e  down t o  
move a i r  bubbles t o  t h e  back of t he  e l e c t r o d e .  

b. Open t h e  ana lyze r  compartment door. 
C. Without r a i s i n g  the  e l e c t r o d e  t i p  above t h e  h o r i z o n t a l  ( t o  avoid 

moving a i r  bubbles back t o  t h e  t i p ) ,  i n s e r t  the e l e c t r o d e  i n t o  the  
flow c e l l  chamber by s l i d i n g  the  guide p in  and e l e c t r o d e  body i n t o  
t h e  flow c e l l  u n t i l  t he  e l e c t r o d e  c l i p s  i n t o  place.  

d. Plug t h e  c a b l e  i n t o  the  e l e c t r o d e  r ack  assembly. 

l2! 
a. 

b. 

C. 
d. 
e. 

f .  

F i l l  a 2 ml sample cup 1/2 f u l l  w i th  pH/PC% Condi t ion ing  Solu- 
t i o n  (PN 06857). 
Place  t h e  measuring end of t h e  e l e c t r o d e  (PN 06013) i n t o  t h e  cup so 
t h a t  t h e  t i p  of t he  e l e c t r o d e  is immersed i n  t h e  pH/PCo;! 
Condi t ion ing  Solu t ion .  
Wait 5 minutes.  
Remove t h e  e l e c t r o d e  from t h e  cup and r i n s e  wi th  de ionized  water.  
Dry t h e  e l e c t r o d e  with a l i n t l e s s  t i s s u e ,  t ak ing  care t o  avoid 
touching  t h e  t i p  . 
Open t h e  ana lyze r  compartment door. 
I n s e r t  t h e  e l e c t r o d e  i n t o  t h e  flow c e l l  by s l i d i n g  t h e  guide p in  
and' e l e c t r o d e  body i n t o  the  flow c e l l  u n t i l  t h e  e l e c t r o d e  c l i p s  
i n t o  p lace .  
Plug t h e  c a b l e  i n t o  t h e  e l e c t r o d e  r ack  assembly. 

. -  

11. Close t h e  ana lyze r  compartment door. 
12. P r e s s  CLEAR, CLEAR, CLEAR t o  r e t u r n  t o  t h e  Ready f o r  Analysis  s c reen .  
13. Condit ion wi th  whole blood as fol lows (see a l s o  Sec t ion  5.4.3): 
--- 

NOTE: A l l  e l e c t r o d e s  must be i n  the  flow c e l l  du r ing  a Flow 
Cell Conditioning cycle. 

a. 
b. 

C. Press ANALYZE t o  a s p i r a t e  t h e  blood. Withdraw t h e  cup when t h e  

F i l l  a 2 m l  sample cup l / 2  f u l l  of whole blood. 
From t h e  G a d y  For Analysis  s c reen ,  press - -  MENU, 2 ,  2 and p resen t  
t h e  blood t o  t h e  probe. 

probe r e t r a c t s .  

14. Perform a subsystem c a l i b r a t i o n  t o  v e r i f y  e l e c t r o d e  performance. I f  
t h e  sodium, potassium, o r  i on ized  calcium e l e c t r o d e s  were r ep laced ,  
p re s s  MENU, &, 3,  ENTER t o  i n i t i a t e  an E l e c t r o l y t e  c a l i b r a t i o n .  
pB e l e c t r o d e  was r ep laced ,  p r e s s  MENU, 2 ,  2, E ~ R  t o  i n i t i a t e  a pH + 
Hc t E lec t rode  c a l i b r a t i o n .  

I f  t h e  - - -  
- -  

15. I f  d e s i r e d ,  p re s s  CAL, ENTER t o  perform a two-point c a l i b r a t i o n .  -- 
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5.4.8 PC02 E l e c t r o d e  Cond i t ion ing ,  Membraning and Replacement - 

i s  procedure is f o r  t h e  new-style PC02 e l e c t r o d e  (PN 07541). Refer  t o  

your e l e c t r o d e  is o l d - s t y l e  ( i d e n t i f i a b l e  by t h e  ven t  ho le  loca t ed  midway 
along t h e  s l e e v e ) .  

he  a l t e r n a t e  procedure l o c a t e d  i n  t h e  addendum a t  t h e  back of  t h e  manual i f  @ 

Membrane Cap 
/ 
F i g u r e  5 .lo PC% E l e c t r o d e  Assembly 

1. From the 'Ready For  Ana lys i s  s c r e e n ,  p r e s s  x, 2, l-, 9, 8, 5 t o  man- 
u a l l y  p r i m e  gas  and d i s p l a c e  f l u i d  from t h e  Flow Ce l l .  

2 . A f t e r  10 seconds ,  p r e s s  E, 2, 2 t o  s t o p  t h e  gas  prime. 
3. Press 2 t o  change t h e  PO2 g a i n  t o  E. (Do t h i s  t o  d e l a y  au tomat i c  

f l u s h  o r  c a l i b r a t i o n  c y c l e s  f o r  maintenance -- movement of  any System 
T e s t  f u n c t i o n  w i l l  r e s u l t  i n  d e l a y  o f  t h e  c y c l e s ,  b u t  t h e  PO2 g a i n  is 
t h e  most convenient  .) 

4. Open t h e  a n a l y z e r  compartinent door.  
5 .  Unplug the e l e c t r o d e  c a b l e  from t h e  e l e c t r o d e  r a c k  assembly. 
6 .  Remove the PC% e l e c t r o d e  (PN 07541) by p inch ing  t h e  f r o n t  and rear 

o f  t h e  e l e c t r o d e  c l i p  and s l i d i n g  o u t  of  t h e  f low c e l l .  
7.  Remove t h e  PCO2 washer u s i n g  t h e  washer removal t o o l  (PN 07157 - hook 

t h e  washer w i t h  t h e  hook end o f  t h e  t o o l ) .  With a l i n t l e s s  t i s s u e  o r  
swab, d r y  t h e  e l e c t r o d e  chamber and washer th roroughly .  
up a t  t h e  e l e c t r o d e  t i p  was a problem, o r  i f  o t h e r  problems sugges t  a 
bad w a s h e r ,  r e p l a c e  t h e  w a s h e r  ( f rom kit PN 07159) and c o n t i n u e  with 
S tep  8; o t h e r w i s e ,  r e u s e  t h e  washer i n  S t e p  8. 

8. P o s i t i o n  t h e  t h i c k ,  small-hole  washer on the broad  end of t h e  washer 
removal t o o l  ( F i g u r e  5.11). A l ign  t h e  groove on t h e  washer removal 
t o o l  with t h e  f low c e l l  a l ignment  p i n ,  and i n s e r t  t h e  t o o l  i n t o  t h e  
flow c e l l ,  s e a t i n g  t h e  washer a g a i n s t  t h e  back w a l l  of t h e  chamber. 
membraning t h e  e l e c t r o d e  i s  unnecessary ,  go to  S tep  26  t o  r e p l a c e  t h e  
e l e c t r o d e  i n  t h e  flow c e l l .  

I f  bubble  hang 

I f  

_.,... 

Washer (K Shown 
Here) Removal 

Tool 
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Update L i s t i n g  - S t a t  P r o f i l e  1 I n s t r u c t i o n  Manual, Rev B 

New S t e p s  €o r  PC02 Elec t rode  Procedure,  Sec t ion  5.4-8 

lowing s t e p s  update t h i s  i n s t r u c t i o n  manual f o r  t h e  new PC% 
e l e c t r o d e  s l e e v e ,  Perform t h e s e  s tep? in s t ead  of the  s t e p s  i n  t h e  manual, Do 
n o t  use  t h e  o ld - s ty l e  PC% procedure loca ted  i n  the  addendum bound i n  t h e  
back of t h e  manual, 

Note t h e  new Figure  5.10. showing t h e  new l o c a t i o n  of t h e  s l e e v e  v e n t  h o l e  
(changed from t h e  back of t h e  groove t o  midway a long  t h e  s l eeve ) .  

F igu re  5 . IO PC% Elec t rode  Assembly 

S t e p  Replace w i t h :  

21, F i l l  t h e  s l e e v e / c a p  to the v e n t  h o l e  wi th  PC% e l e c t r o l y t e  
s o l u t i o n  (no t  t h e  f i l l  l i n e  as shown i n  F igure  5.15). 

22 I n s e r t  t h e  e l e c t r o d e  body i n t o  t h e  s l eeve fcap ,  p r e s s i n g  down 
f i r m l y  to  e n s u r e  a good seal (Figure 5.16). 
el&trolyte s o l u t i o n  may s q u i r t  ou t  the vent hole. '  If this 
happens,  dry t h e  o u t s i d e  of t h e  sleeve thoroughly with a l int less  
t i s s u e  o r  swab. 
membrane , 

A s m a l l  amount .of  

Do n o t  touch  the  measuring s u r f a c e  o f  the 

When t h e  e l e c t r o d e  is he ld  h o r i z o n t a l l y ,  a bubble  ex tend ing  
almost t h e  l e n g t h  o f  t h e  s l e e v e  w i l l  be  seen.. Th i s  bubble  .is 
necessa ry  f o r  thermal  expansion of t h e  e l e c t r o l y t e  s o l u t i o n  a f t e r  
t h e  e l e c t r o d e  is i n s e r t e d  i n  t h e  f low cell .  

23 . a. Hold t h e  e l e c t r o d e  wi th  t h e  cap downward and w i t h  a thumb 
over  t h e  . f i l l  ho le ,  
e l e c t r o d e  down t o  move a i r  bubbles  t o  t h e  back of t h e  
e l e c  t rode , 

With a wris t -snapping motion,  shake t h e  

. -- 
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Step  Replace with: 

270 a ,  Wait 15 m i n u t e s  f o r  the  e l e c t r o d e  t o  come t o  temperature ,  
b, Perform a PC02 Membrane T e s t  (Sec t ion  6.3.1.3), b u t ,  i f  t h e  

test i S  p o s i t i v e ,  do not  immediately remembrane t h e  
e l e c t r o d e .  I n s t e a d ,  do t h e  following: 

Remove t h e  e l e c t r o d e  and washer and dry  t h e  washer, 
e l e c t r o d e ,  and chamber thoroughly with a l i n t l e s s  t i s s u e  
o r  swab, 
Replace t h e  e l e c t r o d e  and washer i n  t h e  ins t rument ,  

rememb5ane t h e  e l e c t r o d e ,  
Repeat t h e  test, I f  t h e  test i s  aga in  p o s i t i v e ,  

C. I f  an e r r o r  code 83, PC% MEM OVERLOAD &curs  du r ing  normal 
ope ra t ion ,  suspec t  a l e a k  from t h e  vent  hole .  
e r r o r  as follows: 

Solve. t h e  

Remove t h e  e l e c t r o d e  and washer and dry  t h e  washer, 
e l e c t r o d e ,  and chamber thoroughly with a l i n t l e s s  t i s s u e  
o r  swab. 
Replace t h e  e l e c t r o d e  and washer i n  t h e  h s t r u m e n t .  
Perform a PC% Membrane T e s t  (Sec t ion  6.3.1.3). I f  t h e  
test is  p o s i t i v e ,  remembrane t h e  e l e c t r o d e ,  



. . . .  , . ... 

9 .  Close t h e  a n a l y z e r  compartment door. 

I CAUTION: Do n o t  wiggle o r  t w i s t  t he  e l e c t r o d e  body o r  s l e e v e  I when assembling o r  taking a p a r t  t h e  e l e c t r o d e ;  

I s l i d e  t h e  cap s t r a i g h t  on o r  o f f  i n  one quick motion 
t o  avoid damaging the g l a s s  t i p .  

I I 

10. Remove t h e  PCO;! s l e e v e l c a p  u n i t  from the  e l e c t r o d e  body by c a r e f u l l y  

11. Remove and d i s c a r d  t h e  o l d  membrane cap and wick paper from t h e  s l e e v e .  
12. I f  t h e  e l e c t r o d e  i s  new, o r  i f  you a r e  performing a t roub le shoo t ing  

procedure,  c o n d i t i o n  t h e  e l e c t r o d e  a s  follows . Otherwise,  con t inue  
with S tep  13. 

p u l l i n g  i t  s t r a i g h t  o f f .  

a. 

b. Replace t h e  s l e e v e  on t h e  e l e c t r o d e  body ( t o  p r o t e c t  t h e  g l a s s  

C. P l ace  t h e  s l e e v e  end of t h e  e l e c t r o d e  i n t o  t h e  sample cup so t h a t  

F i l l  a 2 m l  sample cup 112 f u l l  w i th  pH/PCO2 c o n d i t i o n i n g  solu-  
t i o n  (PN 06857). 

t i p ) .  

t h e  t i p  o f  t h e  e l e c t r o d e  i s  immersed i n  the  pH/PC% cond i t ion ing  
s o l u t i o n  . 

d. . Condit ion f o r  15 minutes. 
e. Remove t h e  e l e c t r o d e  body from t h e  cup, remove t h e  s l e e v e ,  and 

r i n s e  t h e  s l e e v e  and e l e c t r o d e  t i p  With de ion ized  water. 
f .  Dry t h e  e l e c t r o d e  t i p  and t h e  sleeve wi th  a l i n t l e s s  t i s s u e .  

NO=: When assembling t h e  e l e c t r o d e  in  t h e  fol lowing s t e p s ,  
touch t h e  membrane cap on t h e  edges only;  avoid c o n t a c t  w i th  
t h e  measuring s u r f a c e  o f  t h e  membrane cap. 

13. F i t  t h e  membrane cap (From K i t  PN 07543) on t h e  s l e e v e  by hooking one 
edge of the  m e m b r a n e  cap onto the  r i m  of the s l e e v e  and working the  cap 
ove r  t h e  s l e e v e  r i m  ( F i g u r e  5.12). B e  c a r e f u l  n o t  t o  touch t h e  cap 
measuring s u r f a c e  du r ing  t h i s  procedure. 

Figure 5.12 Sleeve-Cap I n s t a l l a t i o n  
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14, Put  3 drops of PC% e l e c t r o l y t e  s o l u t i o n  (PN 0 6 5 5 3 )  i n t o  t h e  i n v e r t e d  
- sleeve/cap.  

Tap t h e  s l e e v e f c a p  with a f i n g e r  t o  d i s lodge  any trapped bubbles,  
16. Place the  PC02 wick i n s e r t i o n  t o o l  (PN 07542)  base onto a c l e a n  work 

su r face .  
17 ,  Place the  s l e e v e / c a p  i n t o  t h e  base ,  cap end f i r s t  (F igu re  5.13). 

F igu re  5.U I n s e r t  SleevefCap I n  Base 

Base 

18. Separate  t h e  wick paper (From K i t  PN 07543) away from t h e  card and 

19. Center  t h e  i n s e r t e r  over t h e  wick paper,  and i n s e r t  it i n t o  t h e  b a s e ,  
p l a c e  i n t o  t h e  i n d e n t a t i o n  on t h e  base. 

p r e s s i n g  t h e  wick paper i n t o  t h e  sleeve (F igure  5 .14 ) .  
i n s e r t e r  . Withdraw the  

. . .. .. 

Wick 
Paper 

Figure  5-14 I n s e r t i n g  The Wick Paper I n t o  The Sleeve 
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... . . 
“WV... 

20. Remove t h e  base ,  l e a v i n g  t h e  s l e e v e f c a p  on t h e  work surface.  
21. F i l l  the  s l e e v e f c a p  t o  t h e  f i l l  l i n e  wi th  PC02 e l e c t r o l y t e  s o l u t i o n ,  

The f i l l  l i n e  is  l o c a t e d  about 113 of  t h e  way from t h e  back end (F igu re  
5.15). 

. Figure 5.15 Fill SLeeve/Cap To F i l l  Line 

CAUTION: I n  t h e  fo l lowing  s t e p ,  do n o t  wiggle o r  t w i s t  t h e  
e l e c t r o d e  body or s l e e v e f c a p  when assembling t h e  
e l e c t r o d e ;  s l i d e  t h e  cap s t r a i g h t  on i n  one quick 
motion t o  avoid damaging t h e  g l a s s  t i p .  

,...,..... \. 

. .. 

22. I n s e r t  t h e  e l e c t r o d e  body i n t o  t h e  s l e e v e f c a p ,  p re s s ing  down f i r m l y  t o  
ensu re  a good s e a l  ( F i g u r e  5.16). 

Figure 5.16 Electrode-SleevelCap I n s e r t i o n  
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23. Degas the  e l e c t r o d e  as fol lows:  

a.  Hold t h e  e l e c t r o d e  with t h e  cap downward. With a wrist-snapping 
motion, shake t h e  e l e c t r o d e  down t o  move a i r  bubbles t o  t h e  back 
o f  t h e  e l e c t r o d e  . 
With the  e l e c t r o d e  t i p  s t i l l  downward, observe t h e  t i p  f o r  
bubbles. I f  bubbles  a r e  p r e s e n t ,  t a p  t h e  e l e c t r o d e  with a f i n g e r  
t o  loosen t h e  bubbles  and aga in  shake t h e  e l e c t r o d e  down. Repeat 
i f  neces sa ry  . 

b. 

24. Dry t h e  e l e c t r o d e  wi th  a l i n t l e s s  t i s s u e .  Do no t  touch t h e  su r face  of  
. t h e  membrane . 

25. Open t h e  ana lyze r  compartment door. 
26. I n s e r t  t h e  e l e c t r o d e  i n t o  t h e  f low c e l l  by a l i g n i n g  t h e  groove on the  

s l e e v e  so t h a t  i t  i s  a l i g n e d  wi th  t h e  flow c e l l  chamber alignment pin 
(F igu re  5.17). Next, i n s e r t  t h e  e l e c t r o d e  guide  p i n  and e l e c t r o d e  body 
i n t o  t h e  flow c e l l ,  c l i p p i n g  t h e  e l e c t r o d e  into p lace .  Plug t h e  c a b l e  
i n t o  t h e  e l e c t r o d e  r ack  assembly. Close t h e  ana lyzer  compartment door. 

\ 10.1. . 

P i n  -Groove 

Figure  5 -17 PC02 Electrode-Flow C e l l  Alignment 
..,.HI.,< 

2 7 .  W a i t  15 minutes f o r  t h e  e l e c t r o d e  t o  come to temperature .  
28. Press CLEAR, CLEAR, CLEAR t o  r e t u r n  t o  t h e  Ready f o r  Analysis  sc reen .  
29.  Condi t ion  with-whole blood as follows: 
--- 

NOTE: A l l  e l e c t r o d e s  must be  i n  t h e  flow c e l l .  du r ing  a Flow 
C e l l  Condi t ioning cyc le  . 

a.  
b. 

C .  P r e s s  ANALYZE t o  a s p i r a t e  t h e  blood. Withdraw t h e  cup when t h e  

F i l l  a 2 m l  sample cup 112 f u l l  of whole blood. 
From t h e  Ready For Analysis  s c r e e n ,  press MENU, 1, 2 and p resen t  
t h e  blood t o  t h e  probe. 

probe r e t r a c t s  . 
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30. Afte r  completion of t he  c o n d i t i o n i n g  c y c l e ,  p re s s  MENU, 2, L, ENTER,  
i n i t i a t i n g  a gas c a l i b r a t i o n  t o  v e r i f y  e l e c t r o d e  performance. I f  t h e  
e l e c t r o d e  does not  c a l i b r a t e  due t o  s l o p e  e r r o r s ,  remove a i r  bubbles as 
f 0 llows : 

) 

a. Displace f l u i d  from t h e  flow c e l l  and remove t h e  e l e c t r o d e  per 

b. Degas t h e  e l e c t r o d e  per  S t e p  23, Do n o t  add more e l e c t r o l y t e  

C .  

Steps 1 - 9,  

s o l u t i o n  , 
Open t h e  ana lyze r  compartment door,  and r e i n s e r t  t he  e l e c t r o d e  i n t o  
t h e  flow ce l l  pe r  S tep  26. 

d. Press x, 2, 1, ENTER, a g a i n  i n i t i a t i n g  a gas c a l i b r a t i o n  t o  
v e r i f y  e l e c t r o d e  performance. 

. .  .... 1,111 
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, ^  ........ 

t r o d e  Condi t ion ing ,  Membraning, and Replacement 

procedure exp la ins  how t o  membrane the  e l e c t r o d e  and how t o  
po l i sh  the  PO2 e l e c t r o d e  ( p o l i s h i n g  should be  performed when the  s lope  
performance number goes below -5).  

1. From t h e  Ready For Analysis  s c r e e n ,  p re s s  MENU, 3, 1, 9, _ -  8 ,  6 t o  man- 
u a l l y  p r ime  gas  and d i s p l a c e  f l u i d  from t h e  flow c e l l .  

2.  Afte r  10 seconds., p r e s s  E, 0, 9 t o  s t o p  the  gas prime. 
3. Press 2 t o  change t h e  PO2 ga in  t o  - Low. (Do t h i s  t o  de l ay  automatic  

f l u s h  o r  c a l i b r a t i o n  cyc le s  f o r  maintenance - movement of any System 
T e s t  func t ion  w i l l  r e s u l t  i n  de l ay  o f  t he  c y c l e s ,  b u t  t h e  PO2 ga in  i s  
the  mos t convenient  . ) 

4 . Open t h e  ana lyze r  compartment door . 
5. Unplug t h e  e l e c t r o d e  c a b l e  from t h e  e l e c t r o d e  r ack  assembly. 
6 .  Unclip t h e  Po;! e l e c t r o d e  (PN 06015) and remove from the flow c e l l  

(F igure  5.18) . 

' PINCH FRONT AND 
REAR OF CLIP TO 
REMOVE FROM FLOW 

Figure  5.18 Po;! E lec t rode  Removal 

7. Remove t h e  PO2 washer us ing  t h e  washer removal t o o l  (PN 07157 - hook 
t h e  washer wi th  t h e  hook end of t h e  too l ) .  Dry the  flow ce l l  chamber 
and washer wi th  a l i n t l e s s  t i s s u e  o r  swab. I f  bubble hang up a t  t h e  
e l e c t r o d e  t i p  w a s  a problem, o r  i f  o t h e r  problems sugges t  a bad washer,  
r e p l a c e  t h e  washer (from k i t  PN 07159) and cont inue  with S tep  8;  
o the rwise ,  r euse  t h e  washer i n  S tep  8 .  

removal t o o l  and i n s e r t  i t  i n t o  t h e  flow c e l l ,  s e a t i n g  i t  a g a i n s t  t h e  
back w a l l  of t h e  chamber (F igure  5.19). I f  membraning t h e  e l e c t r o d e  is 
unnecessary,  go t o  S tep  23 t o  replace the  e l e c t r o d e  i n  the  flow ce l l .  

8. P o s i t i o n  the  t h i c k ,  large-hole  washer on the  broad end of the  washer 
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.. . . .. , . 

ELECTRODE TYPE 

I(. u- 

PH 

pcq 

Shown Here) 

Washer 
Removal Tool 
(Insertion end 
used) 

Figure  5.19 Flow C e l l  Washers and I n s e r t i o n  

9 . Clbse t h e  ana lyze r  compartment door,  
10. Prepare  t h e  Appl ica t ion  Tools (PN 06532) as follows: 

a. 

C. 

Place an O-r ing  (From K i t  PN 06569) onto t h e  tapered  end of t h e  
whi te  cone and s l i d e  the  O-r ing down midway onto  t h e  c y l i n d r i c a l  
end o f  t h e  too l .  The O-r ing w i l l  s t r e t c h  (F igu re  5.20a). 
Drop t h e  cone i n t o  t h e  a p p l i c a t i o n  t o o l  base ,  po in ted  end f i r s t .  
The c y l i n d r i c a l  end of t h e  cone t o o l  w i l l  p ro t rude  above t h e  base  
(F igure  5.20b) . 
Place t h e  new membrane (from k i t  PN 06569) p r i n t  s i d e  down i n t o  
t h e  i n v e r t e d  a p p l i c a t i o n  t o o l  cover (The membrane p r i n t  ' w i l l  be  up 
when t h e  cover  is placed onto  t h e  t o o l  base  - Figure 5 . 2 0 ~ ) .  
P r e s s  t h e  a p p l i c a t i o n  t o o l  cover wi th  membrane down onto  t h e  
a p p l i c a t i o n  t o o l  base ,  The cone t o o l  w i l l  be pressed i n t o  t h e  
base  (F igu re  5.20d) . 

C. 
MEMBRANE 
(PAINTED SIDE DOWN) 

I . -  a 
0. 

Figure  5.20 Membraning Tool Prepa ra t ion  
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11. Remove the  o l d  membrane and O-r ing from t h e  t i p  o f  t he  e l e c t r o d e  by 

12. Shake t h e  e l e c t r o d e  down t o  remove t h e  o l d  e l e c t r o l y t e  so lu t ion .  
13. I f  t h e  e l e c t r o d e  is be ing  membraned because o f  a low s lope  performance 

number (less than - 5 ) ,  p o l i s h  t h e  e l e c t r o d e  as fol lows;  o therwise ,  
cont inue  wi th  S tep  14. 

g ra sp ing  t h e  membrane edge and p u l l i n g  o f f .  

a. 

b. 

Place a drop  o f  Po2 e l e c t r o l y t e  s o l u t i o n  (PN 06554)  on the  
p o l i s h i n g  paper (from k i t  PN 0 6 5 6 9 ) .  
Hold t h e  Po2 po l i sh ing  paper so t h a t  t h e  t i p  of  your index 
f i n g e r  provides  some p res su re  a g a i n s t  t h e  back of t h e  paper 
(F igure  5.21) . 

C. Gently p o l i s h  the  e l e c t r o d e  t i p  on t h e  paper ,  moving the  t i p  i n  a 
c i r c u l a r  f a s h i o n .  f o r  about  10 seconds. 

PO2 

. .  

POLISHING PAPER. 

Figure  5.21 Po2 E lec t rode  T ip  P o l i s h i n g  
.,..I.. 

. 14. Wipe the e lectrode  t ’ ip  with l i n t l e s s  t i s s u e  soaked i n  Po2 Electrolyte  
Solu t ion  (F igure  5.22). 
c l e a r  of l i q u i d .  

Dry t h e  t i p ,  ensu r ing  t h a t  t h e  f i l l  h o l e s  a r e  

LINTLESS TISSUE 
SOAKED IN PO2 
SOLUTION FILL HOLES MUST BE CLEAR 

Figure 5.22 Elec t rode  Tip  Wiping 
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15. F i l l  a s y r i n g e  body wi th  f r e s h  PO2 E l e c t r o l y t e  Solu t ion  ( P N  06554).  
I Attach t h e  probe t i p .  
I 
I 16. F i l l  t h e  e l e c t r o d e ,  ho ld ing  i t  a t  a 4 5 O  ang le  with t h e  t i p  up and t h e  

sy r inge  t i p  i n s e r t e d  i n t o  t h e  bottommost f i l l  hole  (F igure  5.23) .  
E l e c t r o l y t e  S o l u t i o n  w i l l  d i s p l a c e  a i r  o u t  of the  second f i l l  h o l e ,  
a l lowing complete f i l l i n g  of t he  e l ec t rode .  
f i l l  e a s i l y ,  clear t h e  second f i l l  ho le  o f  l i q u i d  by d ry ing  wi th  a 
l i n t l e s s  t i s s u e  o r  swab . 

The 

I f  t he  e l e c t r o d e  does n o t  

. .  . .. .. c . 

Figure  5.23 PO2 Elec t rode  F i l l i n g  

1 7 .  I n s e r t  t h e  electrode in to  t h e  a p p l i c a t i o n  too l ,  using t h e  al ignment  
s l o t s  on the a p p l i c a t i o n  t o o l  cover. Using your thumbs, p re s s  down on - t h e  backs ide  of t h e  c l i p  and guide p i n  u n t i l  t he  membrane and O-ring 

t...,.. .. . snap onto t h e  e l e c t r o d e  body (Figure 5.24).  

Figure  5 -24 I n s e r t i n g  E lec t rode  I n t o  Membraning Tool 
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18. Withdraw the  e l e c t r o d e  from t h e  a p p l i c a t i o n  too l .  
19. In spec t  both t h e  e l e c t r o d e  and membrane, ensu r ing  t h a t  t h e r e  are no 

wrinkles  o r  tears and t h a t  t h e  O-ring has seated i t s e l f  i n  t h e  groove 
on the  e l e c t r o d e  t i p .  

20. Dry the  body o f  t h e  e l e c t r o d e .  
2 1 . Open the  ana lyze r  compartmen t door . 
22. Remove bubbles from t h e  e l e c t r o d e  membrane as follows: 

a. Holding t h e  e l e c t r o d e  w i t h  the t i p  downward, with a wris t -snapping 
motion shake t h e  e l e c t r o d e  down t o  move a i r  bubbles t o  t h e  back o f  
t he  e l e c t r o d e  . 
b l e s .  I f  bubbles  are p r e s e n t ,  t a p  t h e  e l e c t r o d e  with a f i n g e r  t o  
loosen t h e  bubbles  and a g a i n  shake t h e  e l e c t r o d e  down, Repeat i f  
necessary,  

b. With the  e l e c t r o d e  t i p  s t i l l  downward, observe the t i p  f o r  bub- 

r,.,... >.' 
c. Proceed t o  S t e p  2 3 ,  keep ing  t h e  e l e c t r o d e  t i p  below t h e  h o r i z o n t a l  

. . .  ( t o  avoid moving a i r  bubb les  t o  the  t i p ) .  

2 3 .  Repl'ace t h e  e l e c t r o d e  by s l i d i n g  t h e  guide p i n  and e l e c t r o d e  body i n t o  
t h e  flow ce l l  u n t i l  t h e  e l e c t r o d e  c l i p s  i n t o  place.  

2 4 ,  Plug the  e l e c t r o d e  c a b l e  i n t o  t h e  e l e c t r o d e  r ack  assembly. 
25 .  Close t h e  a n a l y z e r  compartment door. 
2 6 .  Press CLEAR, CLEAR, CLEAR t o  r e t u r n  t o  the  Ready For Analysis s c reen ,  
2 7 .  W a i t  15 minutes t o  a l low t h e  e l e c t r o d e  t o  come t o  instrument  tempera- 

t u r e ,  
28. Condition w i t h  whole blood as fol lows (see a l s o  Sect ion 5.4.1): 

a. F i l l  a 2 m l  sample cup wi th  whole blood. 0 .  
NOTE: A l l  e l e c t r o d e s  must b e  i n  t h e  flow c e l l  during a Flow 

C e l l  Cond i t ion ing  cyc le .  

b. 

C. P r e s s  ANALYZE t o  a s p i r a t e  t h e  blood. Withdraw the  cup when t h e  

From the  Ready For Analysis  s c r e e n ,  p r e s s  E, 2-, 2 and p r e s e n t  
t h e  blood t o  t h e  probe. 

probe retracts. 

29. A f t e r  completion o f  t h e . c o n d i t i o n i n g  c y c l e ,  p r e s s  E, 2, 1, ENTER, 
i n i t i a t i n g  a gas c a l i b r a t i o n  t o  v e r i f y  e l e c t r o d e  performance. I f  t h e  
e l e c t r o d e  does n o t  c a l i b r a t e  due t o  s l o p e  e r r o r s ,  remove a i r  bubbles as 
follows: 

a. Open t h e  a n a l y z e r  compartment door ,  remove t h e  e l e c t r o d e ,  unplug 
t h e  c a b l e ,  and degas p e r  S t e p  22 .  Do n o t  add more E l e c t r o l y t e  
s o l u t i o n  . 
c a b l e  i n t o  e l e c t r o d e  r a c k  assembly, and c l o s e  t h e  ana lyze r  
compartment door . 

b. Re inse r t  t h e  e l e c t r o d e  i n t o  t h e  flow c e l l ,  plug the e l e c t r o d e  

C. P r e s s  MENU, 2 ,  1, ENTER, a g a i n  i n i t i a t i n g  a gas c a l i b r a t i o n  t o  
v e r i f y  e l e c t r o d e  performance. 

- - - -  
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5.4 -10 Reference E lec t rode  Replacement 

2 .  

3. 
4 .  
5. 
6. 

7.  
8. 

9 .  

10 . 
11. 
12 . 
13 . 

14. 

From the  Ready For Analysis  s c r e e n ,  p re s s  MENU, 2, L t o  access  the  
System T e s t  sc reen .  
Press 3 t o  change the  Po2 ga in  t o  E. 
f l u s h  zr c a l i b r a t i o n  cyc le s  f o r  maintenance 
Test func t ion  w i l l  r e s u l t  i n  de l ay  o f  t h e  c y c l e s ,  bu t  t he  PO2 ga in  i s  
t h e  most convenient  . 
Open the  ana lyze r  compartment door. 
C lamp  and d isconnec t  t h e  W and R l i n e s  from t h e  r e f e r e n c e  e l e c t r o d e .  
Unplug t h e  r e fe rence  e l e c t r o d e  cable  from t h e  e l e c t r o d e  rack  assembly. 
Loosen t h e  thumbscrew loca ted  on top  of  t h e  r e f e r e n c e  e l e c t r o d e ,  t u r n  
t h e  r e t a i n i n g  block to  the  s i d e ,  and r e t i g h t e n  the  thumbscrew 
(Figure  5 - 2 5 )  . 

(Do t h i s  t o  d e l a y  automatic  -- movement of any System 

Figure  5.25 Reference E lec t rode  Replacement 

RRAlNlNG BLOCK 

RE~RENCE ELEC~ROOE 

L i f t  t h e  o l d  r e f e r e n c e  e l e c t r o d e  up and o u t  o f  t h e  way o f  t h e  flow ce l l .  
P lace  t h e  new re fe rence  e l e c t r o d e  (PN 0 6 0 2 5 )  on t o p  of  t he  flow c e l l ,  
a l i g n i n g  t h e  e l e c t r o d e  s i d e s  with t h e  backp la t a  s ides .  Ensure t h a t  t h e  
r e fe rence  electrode connector  is seated p rope r ly  on the  flow c e l l  
i n t e rconnec t  tubing. 
Loosen t h e  r e t a i n i n g  block thumbscrew, c e n t e r  t h e  r e t a i n i n g  block i n  
t h e  dep res s ion  on top  of  t h e  e l e c t r o d e ,  and r e t i g h t e n  t h e  thumbscrew. 
Plug t h e  cab le  i n t o  t h e  e l e c t r o d e  rack  assembly. 
Attach and unclamp the  W and R l i n e s  t o  t h e  r e f e r e n c e  e l e c t r o d e .  
Close t h e  ana lyze r  compartment door. 
Press 2, CLEAR, CLEAR, CLEAR t o  r e t u r n  t o  t h e  Ready For Analysis  
screen.  I f  t h e  instrument  d i s p l a y s  the  Not Ready sc reen  wi th  the A I R  
BATH NOT READY 8 t a t u s  message, w a i t  u n t i l  t h e  instrument  reaches  
o p e r a t i n g  temperature  and t h e  Ready For Analys is  s c reen  i s  displayed.  
P res s  -- CAL, ENTER t o  perform a two-point c a l i b r a t i o n .  
f i n i s h e d ,  press -- CALI ENTER aga in  f o r  a second c a l i b r a t i o n .  

When the  cyc le  is 

c - 3  
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5.4.11 W/R Tubing Segment Replacement 

ubing segments t h a t  go around t h e  pump can be r ep laced  without  @ acement o f  the complete W/R harness .  The fol lowing procedure is f o r  
r e p l a c i n g  t h e s e  segments (done monthly). To r e p l a c e  t h e  complete W/R ha rness  
(done every 6 months), s ee  S e c t i o n  5.4.12. 

1. From t h e  Ready For Analysis  s c r e e n ,  press MENU, 2, 1, 3 t o  change t h e  
PO2 g a i n  t o  E. 
c y c l e s  f o r  maintenance movement o f  any System T e s t  func t ion  w i l l  
r e s u l t  i n  de l ay  o f  t he  c y c l e s ,  b u t  t h e  POP g a i n  is t h e  most 
convenient  .) 

(Do t h i s  t o  d e l a y  automatic  f l u s h  o r  c a l i b r a t i o n  -- 

2. Open t h e  p l e x i g l a s s  cove r ,  exposing t h e  f l u i d s  deck. 
3. P r e s s  9 t o  open t h e  pump bypass valve.  Remove the W bypass tubing 

segment from t h e  pump bypass v a l v e  ( F i g u r e  5 -26). 

Pump Bypass Valve 
w ~ypass W i n g  Segment 

Figure 5.26 W Bypass Tubing Segment Removal 

4. Remove t h e  pump segments from t h e  pump as follows: 

a. S t r e t c h  outward and l i f t  the  R and W t ub ing  c o l l a r s  from t h e  

b. Remove t h e  remaining tub ing  c o l l a r s  from t h e  tub ing  suppor t  block. 
h o r i z o n t a l  s l o t s  i n  t h e  tub ing  suppor t  block (F igu re  5.27) . 
The pump segments a r e  now f r e e  o f  t h e  pump. 

Figure 5.27 Pump Segment Removal 



5 .  Disconnect t h e  o l d  W tubing segment as fo l lows ,  r e f e r r i n g  t o  Figure 
5 -28: 

a. Disconnect t h e  W bypass segment from t h e  T connector  l oca t ed  on t h e  
c o l l a r  towards the  rear o f  t h e  instrument.  

b. Disconnect t h e  f r o n t  W t ub ing  from t h e  T connector  c l o s e s t  t o  t h e  
f r o n t  of t h e  instrument.  Disconnect t h e  rear W t ub ing  from t h e  W 
pump tub ing  segment by p u l l i n g  t h e  tub ing  o f f  a t  t h e  c o l l a r .  
tubing segment ( i n c l u d i n g  t h e  W bypass segment, T c o n n e c t c t ,  pusp 
segment, and small tubing)  i s  now f r e e  o f  t h e  instrument.  

The W 

Collar 

Front  T 
Connector 

Figure  5.28 W Tubing Segment Removal 

6 .  Disconnect t h e  o l d  R t ub ing  segment as fo l lows ,  r e f e r r i n g  t o  F igu re  
5 . 2 9 :  

a. P u l l  t h e  tub ing  segment o f f  t h e  segment connector  l o c a t e d  a t  t h e  
l a r g e  c o l l a r .  

b. Open t h e  ana lyze r  compartment door. 
C. P u l l  t h e  R tubing o f f  t h e  r e f e r e n c e  e l e c t r o d e .  
d. P u l l  t h e  white pl*ig  o u t  of t h e  ana lyze r  compartment opening. 

/-- 
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7.  Remove any connectors  t h a t  d i d  not  come o f f  with t h e  segments. 
t h e  o ld  segments and connectors.  

Discard 0 8 .  I n s e r t  t h e  new W t ub ing  segment i n t o  t h e  ha rness  as follows: 

a. R e f e r r i n g  t o  F i g u r e  5.30 f o r  c o r r e c t  o r i e n t a t i o n ,  connect t h e  f r o n t  
and rear of t h e  W l i n e  of t he  W/R ha rness  t o  t h e  new W tubing 
segment (W/R Tubing Segments - PN 07501). 

connector  on t h e  r e a r  c o l l a r .  
b. At tach t h e  f r e e  end o f  t he  W bypass tubing segment t o  t h e  T 

\ \  

// //Small 

Collar 

' /  Front T 
Connector 

Figure  5 -30 W Tubing Segment Replacement 0 9 .  Connect t h e  new R t ub ing  segment t o  t h e  W/R harness  as follows: 

a. Connect t h e  tubing segment t o  t h e  connector l o c a t e d  a t  t h e  l a r g e  

b. P u l l  t h e  R t ub ing  o f f  t h e  r e fe rence  e l e c t r o d e .  
C. Open t h e  a n a l y z e r  compartment door. 
d. Plug t h e  white plug i n t o  t h e  ana lyze r  compartment opening. 

c o l l a r  . 
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10. Refe r r ing  t o  F igu re  5.31, i n s t a l l  t h e  new tubing segments as follows: 

CAUTION: Do n o t  o v e r s t r e t c h  t h e  pump segments i n  t h e  s t e p s  
t h a t  follow. Overstretched pump segments w i l l  g ive  . 

inadequate  drawing p r e s s u r e  and w i l l  r e q u i r e  replace-  
ment o f  t h e  segment. 

b. 

Tubing Segment 

Figure  5.31 Tubing Segment I n s t a l l a t i o n  

a. P o s i t i o n  t h e  W pump segment o f  t h e  new W/R ha rness  around t h e  lower 
p o r t i o n  of t h e  pump assembly, s t r e t c h i n g  t h e  tubing s l i g h t l y  so t h a t  
the c o l l a r  c l o s e s t  t o  t he  white plug f i t s  i n t o  the f r o n t  r e t a i n e r  
s l o t  and t h e  c o l l a r  c l o s e s t  t o  t h e  r e a g e n t  pack straw f i t s  i n t o  t h e  
rear  r e t a i n e r  s l o t .  

moving t h e  pinch b a r  o u t  of t h e  way with a s m a l l  s c r ewdr ive r  or 
f i n g e r n a i l ,  and p l a c i n g  t h e  tub ing  segment i n  t h e  valve.  

C. P o s i t i o n  t h e  new R l i n e  around t h e  upper p o r t i o n  of t h e  pump 
assembly, s t r e t c h i n g  t h e  tub ing  s l i g h t l y  so t h a t  t h e  l a r g e r  b l ack  
c o l l a r  f i t s  i n t o  the  f r o n t  re ta iner  s l o t  and the  s m a l l e r  gray c o l l a r  
f i t s  i n t o  t h e  rear  r e t a i n e r  s l o t .  

b. I n s e r t  t h e  W bypass t u b i n g  segment i n t o  t h e  pump bypass v a l v e  by 

11. P r e s s  2, 4, 5, 1 t o  draw r e f e r e n c e  s o l u t i o n  i n t o  the  r e f e r e n c e  
e l e c t r o d e .  

12. When t h e  f l u i d / a i r  t r a n s i t i o n  passes  i n t o  t h e  r e fe rence  e l e c t r o d e  
(about 2 minu tes ) ,  press 2, 0, 5, 0 t o  s t o p  a s p i r a t i o n .  

13. Press  CLEAR, CLEAR, CLEAR t o  r e t u r n  t o  t h e  Ready f o r  Analysis  screen.  
14. Close the  p l e x i g l a s s  cover. 
15. Press CAL, ENTER t o  c a l i b r a t e  t h e  instrument .  

--- 
-- e* 

Collars 
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2 W/R Harness Replacement 

the  complete W/R ha rness  ( i n c l u d i n g  pump segments) as fol lows.  To 

CAUTION: Do no t  o v e r s t r e t c h  t h e  pump segments i n  t h e  s t e p s  
t h a t  follow. Overstretched pump segments w i l l  g i v e  
inadequate drawing p r e s s u r e  and w i l l  r e q u i r e  r ep lace -  
ment o f  t h e  segment. . 

-~ . 

r e p l a c e  the  pump segments on ly ,  r e f e r  t o  S e c t i o n  5.4.11. 

1. From t h e  Ready For Analysis s c r e e n ,  p r e s s  E, 3, r, 3, t o  change t h e  

movement of any System T e s t  func t ion  w i l l  
PO2 g a i n  t o  LaJ. 
c y c l e s  f o r  maintenance 
r e s u l t  i n  d e l a y  of t he  c y c l e s ,  b u t  t h e  PO2 g a i n  i s  t h e  most 
convenient.)  

2. Open t h e  p l e x i g l a s s  cover ,  exposing t h e  f l u i d s  deck. 
3. Open t h e  ana lyze r  compartment door and d i s c o n n e c t  t he  R and W tubings 

from t h e  r e f e r e n c e  e l e c t r o d e .  Remove t h e  white  plugs ho ld ing  t h e  tub- 
i ng  i n  t h e  compartment and remove t h e  tub ing  from the  compartment. 
Close t h e  ana lyze r  compartment door. 

4. P r e s s  2 t o  open the  pump bypass valve.  Remove t h e  W bypass tubing 
segment from t h e  pump bypass valve.  

5 .  S t r e t c h  outward and l i f t  t he  R and W t ub ing  c o l l a r s  from the  h o r i z o n t a l  
s l o t s  i n  t h e  tub ing  support  block. Remove t h e  remaining t u b i n g  c o l l a r s  
from t h e  tubing support  block. Disconnect t h e  W bypass segment from 
t h e  T connector  l oca t ed  n e a r e s t  t h e  wh i t e  plug a t  t h e  f r o n t  o f  t h e  
instrument.  The pump segments are now f r e e  o f  t h e  pump. 

(Do t h i s  t o  d e l a y  au tomat i c  f l u s h  o r  c a l i b r a t i o n  -- 

7. Remove t h e  W and R t ub ing  ha rness  manifolds  from t h e  mounting pins .  
8. Remove the  W l i n e  from t h e  r e a g e n t  pack waste b o t t l e .  
9 .  Remove t h e  R straw from t h e  R b o t t l e  i n  t h e  r e a g e n t  pack. 

be d i sca rded .  The W/R harness  p a r t  number is PN 07272. 

on t h e  f r o n t  W p o r t i o n  of t h e  ha rness .  

. The o l d  W and R tubing ha rness  i s  now f r e e  from t h e  instrument  and can 

At t ach  the  free end o f  the W bypass  tub ing  segment t o  the T connector 

12. P o s i t i o n  the W.pump segment of t h e  new W/R ha rness  around the  lower 
p o r t i o n  o f  the pump assembly, s t r e t c h i n g  t h e  tubing s l i g h t l y  so t h a t  
t h e  c o l l a r  c l o s e s t  to  t h e  white plug f i t s  i n t o  t h e  f r o n t  r e t a i n e r  s l o t  
and t h e  c o l l a r  c l o s e s t  t o  t h e  r e a g e n t  pack straw f i t s  i n t o  t h e  r e a r  
r e t a i n e r  s l o t  (F igu re  5.32). 
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Figure 5.32 Tubing P o s i t i o n  Around Pump 

13. I n s e r t  t h e  W bypass tub ing  segment i n t o  t h e  pump bypass v a l v e  by moving 
t h e  pinch b a r  ou t  o f  t h e  way wi th  a small s c rewdr ive r  o r  f i n g e r n a i l ,  
and p l a c i n g  t h e  tubing segment i n  t h e  valve.  

14. P o s i t i o n  t h e  new R l i n e  around t h e  upper p o r t i o n  of t he  pump assembly, 
s t r e t c h i n g  t h e  tubing s l i g h t l y  so t h a t  t h e  l a r g e r  b l a c k  c o l l a r  f i t s  
i n t o  t h e  f r o n t  r e t a i n e r  s l o t  and t h e  smaller gray c o l l a r  f i t s  i n t o  t h e  
rear  r e t a i n e r  s l o t .  

15. Press t h e  t h r e e  small W/R t ub ing  manifold b a r s  onto t h e i r  p i n s ,  making 
s u r e  t h a t  t h e  tubing feeds around smoothly and i s  n o t  tw i s t ed .  

16. I n s e r t  t h e  W l i n e  i n t o  t h e  waste c o n t a i n e r  opening and t h e  R straw i n t o  
the  R b o t t l e  c o n t a i n e r  opening, making s u r e  t h e  r e a g e n t  l i n e  f i t t i n g s  
s e a t  snugly onto t h e  r e a g e n t  b o t t l e s .  

openings i n t o  t h e  analyzer  compartment and  s e c u r e  t h e  white plugs (Fig- 
u r e  5.33). 

17. Thread t h e  o t h e r  ends of t h e  tub ing  ha rness  through t h e  a p p r o p r i a t e  

nalyzer Compartment 

F i g u r e  5.33 W/R Tubing White P lug  Insertion 
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18. Open the  ana lyze r  compartment door. Connect t he  W and R l i n e s  t o  the  W 
and R p o r t s  on t h e  r e f e r e n c e  e l e c t r o d e .  Close t h e  ana lyze r  compartment 
door. 

19 .  Press 2, 4 t o  draw re fe rence  s o l u t i o n  i n t o  the  r e fe rence  e l e c t r o d e .  
20. When the  f l u i d / a i r  t r a n s i t i o n  passes  i n t o  the  r e fe rence  e l e c t r o d e  

21. Press CLEAR, CLEAR, CLEAR, t o  r e tu7n  t o  the  Ready (Not Ready) f o r  

22. Close t h e  p l e x i g l a s s  cover.  

(about  2 minutes) ,  p r e s s  2, 0-, 2, 0 t o  s t o p  a s p i r a t i o n .  

Analysis  screen.  

0 
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5.4.13 Reagent Harness Replacement 

1. Open t h e  p l e x i g l a s s  cove r ,  exposing t h e  f l u i d s  deck. 
2. Remove t h e  r eagen t  straws from the  F, C, D, A, and B r eagen t  b o t t l e s ,  

3 .  From the  Ready For Analysis  s c r e e n ,  p re s s  MENU, 1, L, ENTER t o  empty 

4 .  When t h e  c y c l e  is complete,  p r e s s  E, 2, L, 2 t o  change t h e  PO2 

l eav ing  t h e  W and R l i n e s  i n  place.  

t h e  r e a g e n t  l i n e s  . 
ga in  t o  Low. 
f o r  maintenance 
i n  de l ay  o f  t h e  c y c l e s ,  b u t  t h e  PO2 g a i n  is t h e  most convenient.) 

c l i p s .  

i n g  i t  o f f  t h e  mounting pins.  

(see F igure  5 . 3 4 ) .  Remove t h e  connector.  

(Do t h i s  t o  d e l a y  automatic  f l u s h  o r  c a l i b r a t i o n  c y c l e s  
movement of any System T e s t  f u n c t i o n  w i l l  r e s u l t  -- 

5 .  Open t h e  va lve  pinch b a r  and p u l l  t h e  tubing o u t  from t h e  va lve  tub ing  

6 .  Remove t h e  5 tube manifold b a r ,  l o c a t e d  i n  f r o n t  of t h e  v a l v e ,  by l i f t -  

7. Locate t h e  manifold connec to r  mounted on top of t h e  r eagen t  p r e h e a t e r  

Reagent Preheater Harness Collar 
Socket 

F igure  5 -34 Reagent Tubing Harness Xanifold Connector 

8. P u l l  t h e  ha rness  c o l l a r  o u t  o f  t h e  back o f  t h e  analyzer  compartment and 

9 .  Remove t h e  4 tube manifold bar .  - 
p u l l  t h e  tub ing  ha rness  o u t  through t h e  s l o t .  

10. I n s t a l l  t h e  new r e a g e n t  ha rness  (PN 06516)  by p r e s s i n g  t h e  5 tube 
manifold b a r  onto t h e  mounting p i n s  l o c a t e d  between t h e  pinch valve and 
t h e  a n a l y z e r  compartment ( F i g u r e  5 . 3 5 ) .  

c l o s e  t h e  pinch b a r ,  p u l l i n g  o u t  on t h e  knob and r e l e a s i n g  t h e  knob t o  
lock t h e  ba r  i n  place.  Ensure t h a t  t he  tubing is c o r r e c t l y  p o s i t i o n e d  
on t h e  pinch v a l v e  assembly. 

11. P o s i t i o n  t h e  C, D ,  A, and B t ub ings  on t he  pinch va lve  assembly and 
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5 Tube 

Id Bar 

Pinch Valve f l  

Figure 5.35 Valve Tubing P o s i t i o n i n g  

12. P res s  t h e  4 tube manifold onto t h e  mounting p i n s  l o c a t e d  between the 

13. I n s e r t  t h e  r e a g e n t  s t raws i n t o  t h e  a p p r o p r i a t e  openings i n  t h e  r eagen t  
r eagen t  pack and the  pinch valve.  

pack ( F i g u r e  5.38). 

t o  t h e  r e a g e n t  b o t t l e s .  
15.  Feed t h e  connector  i n t o  t h e  a n a l y z e r  compartment through the  s l o t  i n  

t h e  back o f  compartment. Firmly s e a t  t h e  h a r n e s s  c o l l a r  i n t o  the 
ana lyze r  compartment s l o t .  

16. Open t h e  ana lyze r  compartinent door and connect t h e  manifold connector 
i n t o  t h e  r eagen t  p rehea te r  socke t .  Close t h e  ana lyze r  compartment door. 

17. Press CLEAR, CLEAR, CLEAR, t o  r e t u r n  t o  t h e  Ready For Analysis screen.  
18. P r e s s  Menu, 2, I, ENTER t o  i n i t i a t e  a f l u i d  pr ime c y c l e ,  and v e r i f y  

t h a t  no f l u i d  l e a k s  a r e  occur ing  a t  t h e  manifold connector.  
19. Close the  p l e x i g l a s s  cover. 

. P r e s s  down on t h e  r eagen t  l i n e  b o t t l e  f i t t i n g s  t o  ensu re  a snug f i t  on- e 
--- 



5.4.14 Septum Harne8s Replacement 

1. Open t h e  p l e x i g l a s s  cove r ,  exposing t h e  f l u i d s  deck. 
2. Clamp the  C and F l i n e s  o f  t he  r e a g e n t  harness .  
3. Open t h e  ana lyze r  compartment door. 
4. From t h e  Ready For Analysis  s c r e e n ,  p re s s  E, 3, 1, 2 t o  change t h e  

movement o f  any System T e s t  funct ion w i l l  

0 
Po;! ga in  t o  e. 
c y c l e s  f o r  maintenance 
r e s u l t  i n  de l ay  o f  t h e  c y c l e s ,  b u t  t h e  PO2 g a i n  is t h e  most 
convenient . 1 

Remove t h e  connector from the Reagent P rehea te r  (F igu re  5.36) . 

(Do t h i s  t o  de l ay  automatic  f l u s h  o r  c a l i b r a t i o n  -- 

5 .  Locate t h e  manifold connector  a t  t h e  bottom of t h e  Reagent P rehea te r .  

Figure 5.36 Septum Harness Ins t a l l a t i o n  

6. Locate t h e  manifold connector on t h e  septum assembly. Remove t h e  
manifold connector  from t h e  assembly, f r e e i n g  t h e  o l d  Septum Harness. 
Discard t h e  old Harness. 

7. The septum harness  p a r t  number is PN 06517. Plug t h e  notched manifold 
connector  o f  t h e  new ha rness  i n t o  t h e  septum a s s e m b l y  f i t t i n g .  

8. Loop t h e  sep tum ha rness  below t h e  sampler assembly and connect t h e  
o t h e r  end t o  t h e  r eagen t  preheater .  The manifold connector i s  keyed 
wi th  a p r o j e c t i o n  t o  a l low only t h e  c o r r e c t  f i t  i n t o  the  r eagen t  pre- 
he a t e r  . 

NOTE: The septum harness  manifold connectors  do n o t  f i t  t i g h t l y  
i n t o  t h e i r  socke t s .  

9. Close t h e  ana lyze r  compartment door. 
LO. Unclamp the  C and F l i n e s  o f  t h e  r e a g e n t  harness .  
11. Close t h e  p l e x i g l a s s  cover. 
12. Press CLEAR, CLEAR, CLEAR, t o  r e t u r n  t o  t h e  Ready For Analysis s c reen .  
13. P r e s s  2 ,  7 ,  ENTER t o  i n i t i a t e  a f l u i d  p r i m e  c y c l e ,  and v e r i f y  t h a t  no 
--- - - -  

f l u i d  l e a k s  a r e  occuring a t  t he  manifold connectors.  

5-43 



5 -4.1s Reagent Pack Replacement - 

add i t ion  to  s y s t e m - i n i t i a t e d  prompting f o r  changing t h e  r eagen t  pack, t h e  
l e v e l  can be checked v i s u a l l y  through the  window s l o t  on the r e a g e n t  , 

pack. Change t h e  r e a g e n t  pack as fol lows:  

1. Open the  p l e x i g l a s s  cover.  
2.  Remove t h e  F, C,  D, A ,  B ,  and R r e a g e n t  s t raws from the  r eagen t  pack. 

Wipe the  o u t s i d e  o f  each straw with a pape r  towel as i t  is p u l l e d  from 
t h e  pack. Leave t h e  W t u b i n g  i n  place. 

a f l u i d  pr ime c y c l e  w i t h  a i r  t o  empty t h e  r eagen t  l i n e s .  

with S tep  9. I f  t h e  Reagent Pack is being replaced a s  p a r t  o f  a trou- 
b l e shoo t ing  pracedure,  con t inue  with S tep  5 .  

deionized water  (see F igure  5.37).  

3. From the Ready For Analysis  s c r e e n ,  press MENU, 2 ,  7 ,  ENTER, performing 

4. I f  the r eagen t  pack is  b e i n g  r ep laced  as  a r o u t i n e  procedure cont inue 

- - - -  

5. When t h e  prime c y c l e  i s  complete,  i n s e r t  t h e  s t raws i n t o  a beaker  of 

F igu re  5 - 3 7  D i s t i l l e d  Water Reagent Harness Cleaning 

, 6 .  Press MENU, 2 ,  7,  ENTER t o  i n i t i a t e  a f l u i d  pr ime cycle .  

s t raws from the  b e a k e r ,  and wipe the  o u t s i d e  of the s t r aws  d r y  wi th  a 
p a p e r  towe 1. 

- - - -  
7. When t h e  prime c y c l e  is complete ,  remove the F,  C ,  D ,  A, B ,  and R 

8 .  Press  XENU, 2 ,  7 ,  ENTER t o  i n i t i a t e  a prime cyc le  to f l u s h  the  deion- - - - -  
ized water from t h e  tubing. 

9 .  When the  prime c y c l e  is completed,  l i f t  o u t  the W t ub ing ,  then remove 

LO. Shake t h e  new r e a g e n t  pack (PN 054151, remove the  cel lophane wrapping, 
and d i s c a r d  t h e  used r e a g e n t  pack. 

and p o s i t i o n  the  pack i n  t h e  r eagen t  pack bay so t h a t  the r eagen t  l e v e l  
viewing s l o t  is  f ac ing  forwards.  

11. F l i p  open the caps on the  r e a g e n t  b o t t l e s .  
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12.  I n s e r t  t h e  color-coded straws i n t o  t h e  a p p r o p r i a t e  c o l o r e d  b o t t l e  caps  
on t h e  t o p  o f  t h e  r e a g e n t  pack ( s e e  Figure 5.38) and p r e s s  t h e  f i t t i n g s  
down snugly on to  r e a g e n t  b o t t l e s .  The colored l e t t e r  pa t ches  on t h e  
s t r a w  tub ing  corresponds t o  the  r e s p e c t i v e  c o l o r  patches by t h e  b o t t l e  
caps on t h e  r e a g e n t  pack. 

F i g u r e  5.38 Reagent Pack Tubing P o s i t i o n s  

NOTE: I f  a s t r a w  is a c c i d e n t l y  i n s e r t e d  i n  t h e  wrong 
r e a g e n t  b o t t l e ,  e.g. t h e  A t ub ing  is pushed through t h e  
R opening,  t h e  tub ing  ha rness  must be f lu shed  with 
de ionized  water as follows: 

a. I n s e r t  t he  W t ub ing  i n t o  the  W b o t t l e  i n  t h e  new r e a g e n t  

b. Wipe t h e  contaminated s t r a w  with a paper towel. 
C. I n s e r t  t h e  s t r a w s  i n t o  a beaker O E  deionized water. 
d. Repeat S t eps  6 - 8,  11, and 12. 

pa.ck. 

13. Press  MENU, 2, 9 ,  and e n t e r  t he  expected number o f  ana lyses .  

14. Replace t h e  septum assembly p e r  S e c t i o n  5.4.16.  
15.  Press 2 ,  7 ,  E N T E R  t o  prime t h e  reagent  Lines. 
16. A f t e r  t he  p r i m e  cycle  is complete,  press CLEAR, CLEAR, CLEAR t o  r e t u r n  

17. P r e s s  CAL, ENTER t o  c a l i b r a t e  t h e  insturnent. 

Press - 
ENTER t o  i n i t i a i i z e  t h e  Analyses Remaining Counter t o  t h i s  va lue .  

- - -  
--- 

t o  t h e  Ready For Analysis  screen.  
-- 
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5.4.16 Septum Assembly Replacement 

e septum assembly should be r e p l a c e d  wi th  each r e a g e n t  pack. F a i l u r e  t o  
the  septum assembly w i l l  r e s u l t  i n  worn, l e a k i n g  sep ta  with i n t e r -  

mixing 

1. 

2. 

3. 
4. 
5 .  

6 .  

7.  
8. 

9. 
10. 
11. 

of r eagen t s .  

From the  Ready For Analys is  s c r e e n ,  press N E E ,  2, 
Sys t e m  T e s t  screen.  
Press 3 t o  change t h e  PO2 g a i n  t o  Low. (Do t h i s  t o  d e l a y  automatic  
f l u s h  yr c a l i b r a t i o n  c y c l e s  f o r  maintenance - movement o f  any System 
T e s t  func t ion  w i l l  r e s u l t  i n  d e l a y  o f  t h e  c y c l e s ,  b u t  t h e  PO2 g a i n  is 
the  most convenient.) 
Open t h e  a n a l y z e r  compartsent door. 
C l a m p  o f f  t h e  C and F t ub ings  d i r e c t l y  above t h e  septum assembly. 
Disconnect t h e  septum ha rness  manifold connector  from t h e  septum 
as semb l y  . 
Remove t h e  septum assembly by  g i v i n g  t h e  assembly a 114 t u r n  clockwise 
and p u l l i n g  out. 
Plug t h e  manifold connector  i n t o  t h e  new septum assembly. 
I n s t a l l  the septum assembly ( F i g u r e  5.391, s l i d i n g  t h e  assembly over  
t h e  end o f  t h e  probe so  t h a t  t h e  r e c t a n g u l a r  p i ece  on t h e  end f i t s  i n t o  
t h e  septum assembly opening i n  t h e  b a s e p l a t e  o f  t h e  sampler assembly. 
The septum ha rness  manifold connec tor  should be t o  t h e  l e f t .  

t o  access  the  

Figure 5 . 3 9  I n s t a l l i n g  The Septum Assembly 

Turn t h e  assembly 114 t u r n  counterc lockwise  u n t i l  snug. The septum 
ha rness  manifold plug should b e  a t  t h e  Lower r i g h t  o f ' t h e  assembly; i f  
i t  is  n o t ,  remove the  septum assembly from t h e  septum assembly open- 
ing ,  r o t a t e  t h e  assembly 112 t u r n ,  and r e i n s e r t .  
Remove the  clamps from the  C and F Lines. 
Close the  ana lyze r  compartment door.  
Press CLEAR, CLEAR,  CLEAR, t o  r e t u r n  t o  t h e  Ready For Analysis  screen.  --- 
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5.4.17 Sampler Probe-S Line Replacement 

1. From t h e  Ready For Analys is  s c r e e n ,  p r e s s  E, 2, L, 5, E, 2, 4, t o  

2. A f t e r  LO seconds ,  p r e s s  2, 0-, 5, 0 t o  s t o p  a s p i r a t i o n .  
3. P r e s s  2 t o  change t h e  PO2 g a i n  t o  e. 

a s p i r a t e  a i r  t o  purge t h e  f l u i d  o u t  of  t h e  flow path.  

(Do t h i s  t o  d e l a y  au tomat ic  

0 
f l u s h  o r  c a l i b r a t i o n  c y c l e s  f o r  maintenance -- movement of  any System 
T e s t  f u n c t i o n  w i l l  r e s u l t  i n  d e l a y  of  t he  c y c l e s ,  b u t  t h e  PO2 g a i n  is 
t h e  most convenient  . 

4 .  Open t h e  a n a l y z e r  compartment door. 
5 .  Disconnect t h e  probe-S l i n e  from t h e  sample p r e h e a t e r  by p u l l i n g  t h e  

crimp lock o f f  t h e  sample p r e h e a t e r  connec tor ,  then p u l l i n g  t h e  S l i n e  
o f f  t h e  sample p r e h e a t e r  ( F i g u r e  5 . 4 0 ) .  

Lock 

Line 

Figure  5.40 Probe-S Line Removal from Sample P r e h e a t e r  

6 .  Remove t h e  septum assembly wi th  t h e  septum ha rness  a t t a c h e d ,  by  t u r n i n g  

7. P r e s s  a, 
8 .  Loosen t h e  thumbscrew l o c a t e d  a t  

t h e  assembly a 1/4 t u r n  clockwise.  
t o  move t h e  probe t o  p o s i t i o n  8. 

t h e  probe mounting b l o c k ,  remove 
t h e  t o p  of t h e  probe,  t h e n ,  g r a s p i n g  
t h e  probe-S 1 i ne  u n i t  ( F i g u r e  5 . 4 1 )  . 

Thumbscrew 

Mounting Block 
Adjustment Plate 

Sampler Probe 

Septum Assembly 
Opening 

Figure  5.41 Sampler Probe Removal 
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9. Replace the probe-S l i n e  (PN 06523) b y  f i r s t  s l i d i n g  the probe t i p  
through the  septum assembly opening a l l  t h e  way t o  t h e  mounting block. 
Then move the  block back and around the thumbscrew t o  hook i t  around 
t h e  thumbscrew. F i n a l l y ,  t i g h t e n  t h e  thumbscrew to  a f f i x  t h e  sampler 
mounting block t o  t h e  adjustment p l a t e .  

LO. Replace the  septum assembly (wi th  a t t ached  Septum Harness) by s l i d i n g  
the assembly over t h e  end o f  t he  probe so t h a t  the r e c t a n g u l a r  p i e c e  on 
the  end f i t s  i n t o  t h e  septum assembly opening i n  the  b a s e p l a t e  of t h e  
sampler assembly. The s e p t u m  ha rness  manifold connector  should be to  
the l e f t .  Turn t h e  assembly 114 t u r n  counterclockwise u n t i l  snug. The 
septum ha rness  manifold connector  should now be a t  t h e  lower r i g h t  o f  
the assembly; i€ i t  i s  n o t ,  remove the  septum assembly from the  s e p t u m  
assembly opening, r o t a t e  t h e  assembly 112 t u r n ,  and r e i n s e r t .  

11. Perform a probe placement t e s t  as follows: 

a. 
b. S l i d e  t h e  probe adjustment  t o o l  (PN 07190) ove r  the probe and hold 

P r e s s  5, 9 t o  move the probe to  p o s i t i o n  9. 

i t  f i r m l y  t o  t h e  base o f  t h e  sampler assembly so t h a t  the probe 
t i p  ex tends  toward t h e  s t epped  end. The probe t i p  should be i n  
between t h e  h igh  and low s t e p s .  I f  i t  is n o t ,  a d j u s t  as fol lows:  

Using a P h i l l i p s  head sc rewdr ive r ,  loosen t h e  screw t h a t  holds  

Advance the  p l a t e  ( w i t h  the  probe) up or down as needed. 
Tighten t h e  screw ho ld ing  t h e  probe secure.  
Verify t h a t  t h e  probe t i p  is  posi t ioned between the  2 steps.  
I f  necessa ry ,  r e p e a t  t h e  procedure. 

t h e  sampler adjustment p l a t e  t o  the ins  trument. 

12. Connect t he  probe-S l i n e  t o  the  connector on t h e  bottom o f  t h e  sample 
p rehea te r  and s e c u r e  t h e  connection by s l i d i n g  t h e  c r i m p  lock over the 
connec t i  on . 
the S l i n e  connection. 
o f f .  I f  a l eak  o c c u r s ,  r e s e a t  t he  S l i n e  on the  connector.  

screen . 

13. Press  6 ,  1, 5 ,  4 t o  asp i ra te  f l u s h  s o l u t i o n  to  check f o r  leaks around - - - -  
Afte r  checking, p re s s  - -  5 ,  0 t o  tu rn  the pump 

14. P res s  6 ,  0 ,  CLEAR, CLEAR, CLEAR, t o  r e t u r n  to  the Ready For Analysis 

15. Close t h e  ana lyze r  compartment door. 

- - - - -  
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5.4.18 F l o w  Path Component Replacement 0 Replace the preheater and/or €low c e l l  b y  performing s t e p s  1 - 9 ,  then 
proceeding to t h e  appropriate component. Refer to Figure 5.42 throughout t h i s  
pr oce dur e .  

Thumbscrew 
/ Top Slotted 

Fef erence 
Electrode 
51 otted 
Retainer 
Screw 
F1 ow Cell 

0 
S1 otted 
Retainer Screw 

Preheater 

Electrical Connector 

Electrode Rack 

c 

Assembly 

Figure 5 . 4 2  Flow Path Component Replacement 
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1. From the Ready For Analysis  s c r e e n ,  press MENU, 3 ,  1, 6 ,  8 ,  2, 4 t o  
empty t h e  flow path. 

2. Af t e r  10 seconds,  p r e s s  2, 0, 5, - 0 t o  s t o p  a s p i r a t i o n  and r e t r a c t  t he  

- - - - -  

probe . 
f l u s h  or c a l i b r a t i o n  c y c l e s  f o r  maintenance 
Tes t  func t ion  w i l l  r e s u l t  i n  de l ay  o f  t he  c y c l e s ,  bu t  t he  PO2 g a i n  is 
the most convenient.  

3. Press  3 t o  change t h e  PO2 ga in  t o  - Low. (Do t h i s  to de l ay  autordatic -- sovement of any  System 

4. Open the  ana lyze r  compartment door. 
5 .  Clamp and d i sconnec t  the W and R l i n e s  from the  r e f e r e n c e  e l e c t r o d e .  
6. Unplug a l l  e l e c t r o d e  c a b l e s  from t h e  e l e c t r o d e  rack assembly. 
7 .  Disconnect the S l i n e  from t h e  sampler p rehea te r  by s l i d i n g  the crimp 

8. Remove the preheater-flow c e l l - r e f e r e n c e  e l e c t r o d e  assembly by Eirst 
lock o f f  t h e  connector and p u l l i n g  t h e  S l i n e  o f f .  

t u rn ing  t h e  bottom s l o t t e d  r e t a i n e r  screw 1/4 t u r n  counterclockwise 
then p u l l i n g  the  assembly s t r a i g h t  o f f  the guide p in  and e l e c t r i c a l  
connectors.  

9.  Loosen t h e  thumbscrew l o c a t e d  on t o p  o f  t h e  r e fe rence  e l e c t r o d e ,  t u r n  
the  r e t a i n i n g  block t o  t h e  s i d e ,  and r e t i g h t e n  the thumbscrew. 

10. L i f t  t h e  r e fe rence  e l e c t r o d e  up and o u t  of t h e  way of  t h e  flow c e l l .  
11. Replace the  a p p r o p r i a t e  component as follows: 

Flow Cell  Replacement 

a. Turn t h e  top s l q t t e d  thumbscrew 1/4 t u r n  counterclockwise and l i f t  
the flow c e l l  (w i th  t h e  e l e c t r o d e s  s t i l l  i n s e r t e d )  o f f  the sample 
p rehea te r .  

b. I f  t h e  flow c e l l  (PN 06017) i s  be ing  r e p l a c e d ,  remove the sodium . 
e l e c t r o d e  and i n s e r t  i t  i n t o  t h e  new flow c e l l .  Repeat t h i s  
procedure €or  the  o t h e r  e l e c t r o d e s  and washers, avoiding any mixup 
by r e p l a c i n g  each washer and e l e c t r o d e  immediately upon removal. 

0 
C. Check the  new flow c e l l  f o r  i n t a c t  i n t e rconnec t  tubings.  

Sample P rehea te r  Replacement 

a, Remove the f l o w  c e l l  (wi th  the e lectrodes  s t i l l  inset ted)  b y  
t u rn ing  the top s l o t t e d  thumbscrew 1/4 t u rn  counterclockvise  and 
l i f t i n g  i t  o f f  t h e  sample p rehea te r .  

follows . b. Reassemble the flow c e l l  t o  t h e  new sample p rehea te r  (PN 06525) as 

Re assembly Proce dure 

12. Reattach the  flow c e l l  to  t h e  sample p r e h e a t e r  back p l a t e  a s  follows 
( r e  Eer to  Figure 5 -42) . 
a. Set  t h e  flow c e l l  i n t o  t h e  r e c e s s  on t h e  sample p rehea te r  a l i g n i n g  

the r i g h t  s u r f a c e  o f  the flow c e l l  f l u s h  with the r i g h t  s i d e  of the  
back p l a t e .  Ensure t h a t  t he  flow c e l l  i n t e rconnec t  tubing i s  
sea t ed  properly on the  sarnple p rehea te r  top connector.  

b. Turn the top s l o t t e d  r e t a i n e r  screw 1 /4  tu rn  clockwise. 
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13. Replace the  r e f e r e n c e  e l e c t r o d e  on top o f  the flow c e l l  by p l a c i n g  the 
e l e c t r o d e  on top of t h e  flow c e l l ,  a l i g n i n g  t h e  e l e c t r o d e  s i d e s  wi th  
t h e  backplate  s i d e s .  Ensure t h a t  the r e f e r e n c e  e l e c t r o d e  connector is  
s e a t e d  properly on t h e  flow c e l l  i n t e rconnec t  tubing. 

t he  depression on top  of t h e  el .ectrode,  and r e t i g h t e n  the thumbscrew. 

ing t h e  guide p in  and p r e s s i n g  t h e  assembly onto the e l e c t r i c a l  connec- 
t o r s ,  then tu rn ing  t h e  bo t  tom s l o t t e d  r e t a i n e r  screw 114 t u rn  clockwise 
to engage t h e  e l e c t r o d e  r ack  assembly. 

14. Loosen the r e t a i n i n g  block thumbscrew, c e n t e r  the r e t a i n i n g  block i n  

15. Replace the preheater-flow c e l l - r e f e r e n c e  e l e c t r o d e  assembly by a l ign -  

16. Plug a l l  c a b l e s  i n t o  t h e  e l e c t r o d e  rack assembly. 
17. Reattach t h e  S l i n e  t o  t h e  sample p rehea te r .  
18. Attach and unclamp the W and R l i n e s  t o  the  r e f e r e n c e  e l e c t r o d e .  
19. Verify t h a t  t h e  flow path is unobstructed as follows: 

a. Press 5, 1, 2, 4 t o  a s p i r a t e  f l u s h  s o l u t i o n .  
b. Observe t h e  waste l i n e  f o r  proper  flow f o r  5 seconds,  then s t o p  

a s p i r a t i o n  by p res s ing  - -  5 ,  0. 
in t e rconnec t ions  between t h e  S l i n e  - p r e h e a t e r ,  p r e h e a t e r  - flow 
c e l l ,  and flow c e l l  - r e f e r e n c e  e l e c t r o d e ,  and check t h a t  t he  W and 
R tubings a r e  p rope r ly  connected. 

I f  the  flow is obs t ruc t ed ,  check the  

20 . Close the  ana lyze r  compartment door.  
21. Perform a cond i t ion ing  c y c l e  w i t h  whole blood a s  follows: 

NOTE: A l l  e l e c t r o d e s  must be i n  the flow c e l l  during a Flow 
C e l l  Conditi 'oning c y c l e .  

a. F i l l  a 2 r n l  sample cup 1/2 €1.111 of whole blood. 
b. From t he  Ready For Analysis  s c r e e n ,  p r e s s  X E l E ,  2_, 2 and p r e s e n t  the 

blood t o  the  probe. 
C.  Press ANALYZE t o  a s p i r a t e  t h e  blood. Withdraw the  cup when t h e  

probe r e t r a c t s .  

22. Verify good flow (no bubbles)  o f  s o l u t i o n  as follows: 

a. P r e s s  5, 1, 2, 4 t o  a s p i r a t e  f l u s h  s o l u t i o n .  
b. Observe the  waste l i n e  f o r  proper  Elow f o r  5 seconds. Stop 

a s p i r a t i o n  by p r e s s i n g  k,  0. 
c e l l  and v e r i f y  c o r r e c t  p o y i t i o n i n g  of t h e  washers i n  the  flow 
c e l l .  Repeat a s p i r a t i o n ,  p r e s s i n g  2, then 5 ,  0. I f  bubbles a r e  
s t i l l  seen,  check the  i n t e r c o n n e c t i o n s  between the  S Line - 
prehea te r ,  p r e h e a t e r  - flow c e l l ,  and flow c e l l  - r e fe rence  
e l e c t r o d e ,  and check t h a t  t h e  W and R tubings a r e  properly connected. 

I f  bubbles a r e  seen,  f l u s h  the flow 

22. Press  3 ,  6 ,  0 ,  CLEAR, CLEAR, CLEAR t o  r e t u r n  t o  t h e  Ready For Analysis  - - - - - -  
screen. I f  t h e  instrument  d i s p l a y s  the  Not Ready screen with the  A I R  
BATH NOT READY s t a t u s  message, w a i t  u n t i l  t he  instrument reaches 
ope ra t ing  temperature and t h e  Ready For Analysis screen i s  displayed.  

23. Press CAL, ENTER to  perform a two-point c a l i b r a t i o n .  -- 
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.4.19 Barometric P r e s s u r e  Module Replacement 

1. From t h e  Ready For Analysis  s c r e e n ,  p r e s s  E, 2, L, 5, 5, 2, 4 to  

2. A f t e r  5 seconds,  press 2, 0, 5, 0 t o  s t o p  a s p i r a t i o n  and r e t u r n  the  

3. Open t h e  a n a l y z e r  compartment door. 
4. Disconnect the S l i n e  from t h e  sample preheater .  
5 .  Clamp and d i sconnec t  t h e  W and R l i n e s  from t h e  r e fe rence  e l e c t r o d e .  
6. Remove t h e  e l e c t r o d e  rack assembly by loosening t h e  2 thumbscrews 

a s p i r a t e  a i r  t o  purge f l u i d s  o u t  of the flow path. 

probe t o  t h e  home p o s i t i o n .  

l o c a t e d  t o  t h e  r i g h t  of  t h e  sample p rehea te r  (F igu re  5.43). P u l l  t he  
Assembly  o f f  t h e  e l e c t r i c a l  connectors.  Locate the  barometr ic  p re s su re  
module ( b l a c k  box) on the  upper l e f t  s i d e  of t h e  e l e c t r o d e  r ack  
as  semb l y  . 

Electrode Rack Electrode Rack Assembly - Assembly (Rear View) - Barometric 

Figure 5.43 Barometric P res su re  Module Replacement 
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7. Remove t h e  barometr ic  p re s su re  module from the  e l e c t r o d e  r ack  assembly 

8. Attach t h e  new barometr ic  p re s su re  module t o  the  e l e c t r o d e  rack 
by p u l l i n g  t h e  Module o f f  t h e  assembly. 

assembly, making s u r e  t h a t  the end of  t h e  Module wi th  t h e  ho le s  is 
f a c i n g  downward. . 

9. Reat tach t h e  e l e c t r o d e  r ack  assembly t o  t h e  instrument .  
LO. Reconnect t he  S l i n e  to  the  sample p rehea te r  connect ion,  s e a t i n g  i t  

f i r m l y  on t he  connector  be fo re  s l i d i n g  t h e  crimp lock over  t he  
connec t i  on . 
tubing. 

11. Reconnect t h e  W and R l i n e s  t o  the  r e fe rence  e l e c t r o d e  and unclamp t h e  

12. Close t h e  ana lyze r  compartment door. 
13. Press CLEAR, CLEAR, CLEAR. The CHECK BAROMETER PRESSURE s t a t u s  message 

w i l l  appear  on t h e  Not Ready s c r e e n ,  i n d i c a t i n g  t h a t  t he  instrument  
barometer i s  n o t  i n i t i a l i z e d .  I n i t i a l i z e  t h e  barometer a s  follows: 

--- 

a. Press MEME, 5, 0 ( o r  your password), then e i t h e r :  . 

P r e s s  4 t o  s e l e c t  automatic barometr ic  t r a c k i n g ,  o r  
Do n o t  p re s s  a key, thereby s e l e c t i n g  manual e n t r y  o f  e x t e r n a l  
barometr ic  p re s su res  ( s e e  Sec t ion  2.2.8). 

b. P r e s s  CLEAR, CLEAR t o  r e t u r n  to  the  Main Henu.. 

14. Perform a barometer check as follows: 

a. 
b. Note t h e  barometr ic  p re s su re  reading. The barometr ic  p re s su re  

Press MENU, L, 2, access ing  t h e  S e t  Barometric P r e s s u r e  screen.  

r ead ing  should ag ree  wi th in  f 2 mm mercury wi th  a r e l i a b l e  refer-  
ence va lue  such as a l a b  barometer o r  an  a l t i t u d e - c o r r e c t e d  
weather bureau reading.  I f  t h e  values  a r e  not i n  agreement, s e e  
S e c t i o n  3.2.3 t o  c a l i b r a t e  t h e  barome t e r .  

15. Press CLEAR, CLEAR, CLEAR t o  r e t u r n  t o  the  Ready For Analysis s c reen .  --- 
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P r i n t e r  Paper  Replacement 

en t h e  red  l i n e  appea r s  on t h e  edge o f  t h e  paper the  paper supply is  low and 
should b e  r e p l a c e d  as fol lows:  

1. 

2. 
0 

3 .  
4. 

I .  
8,  
9 .  

10. 

P u l l  o u t  p r i n t e r  assembly :ocated under t h e  r eagen t  pack bay ( F i g u r e  
5 . 4 4 )  . 

As sembl y. 

F i g u r e  5 .44  P r i n t e r  Assembly Acce3s 

L i f t  up t h e  b l a c k  p r i n t  head l o a d i n g  arm t o  release t h e  paper ( F i g u r e  
5 . 4 5 ) .  Make s u r e  t h e  l o a d i n g  arm is l i f t e d  t o  f i l l l e s t  e x t e n t .  

Pri n thead 
Loading A r m  

W 
Figure 5.45 P a p e r  Release 

P u l l  t h e  empty paper r o l l  o f f  and d i s c a r d .  
With paper f eed ing  from top o f  r o l l ,  s l i d e  new roll (PN 00026) on to  
s h a f t  u n t i l  i t  is f l u s h  with the  p l a t e  and the  l a r g e  p o r t i o n s  o f  t h e  
s h a f t  snap  ou t .  
Feed t h e  paper  end between t h e  p r in thead  and rubber r o l l e r .  
G r a s p  t h e  end o f  t he  p a p e r  and p u l l  u n t i l  2-3 inches extend o u t  o f  s l o t .  
Push t h e  b l a c k  p r i n t  head load ing  a r m  down, 
Push the  p r i n t e r  assembly back i n t o  t h e  instrument,  
From t h e  Ready For Analysis  s c r e e n ,  p r e s s  X I ,  3, I ,  - 6 t o  o b t a i n  a 
c h a r a c t e r  p r i n t o u t  t o  v e r i f y  proper ope ra t ion .  
P res s  CLEAR, CLEAR, CLEAR t o  r e t u r n  t o  t h e  Ready For Analysis  s c reen .  --- 

.. , 
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5.4.21 Pr in thead  Cleaning 

P r i n t e r  p r in thead  c l e a n i n g  is  r equ i r ed  when the  p r i n t  d e n s i t y  i s  uneven due t o  
r e s idue  bui ldup.  
most prone t o  r e s i d u e  bu i ldup  wi th  r e s u l t i n g  l i g h t  and i r r e g u l a r  image. 
c l ean  t h e  pr in thead:  

Genera l ly ,  t h e  most o f t e n  p r in t ed  c h a r a c t e r s  or d o t s  a r e  
To 

1. P u l l  ou t  t h e  p r i n t e r  assembly loca ted  under the r eagen t  pack bay. 
2 .  L i f t  up t h e  pr in thead  loading  arm t o  r e l e a s e  the  pape r .  Make s u r e  the  

loading  a r m  i s  l i f t e d  t o  f u l l e s t  extension.  
3. P u l l  t h e  p a p e r  out from under t h e  pr inthead.  
4. Moisten a cot'ton swab wi th  a l coho l  and gen t ly  c l ean  t h e  p r in thead  (Fig- 

u r e  5 . 4 6 ) .  (+ 

Printhead 

Figure  5 -46 Pr in thead  Cleaning 

5 .  Repeat several t i m e s  and al low t h e  a l coho l  t o  evapora te  coinple t e l y .  
6. Feed t h e  paper  back through the  pr inthead.  
7. Push the  pr in thead  load ing  arm completely down. 

5 - 5 5  



4.22 Fan F i l t e r  Replacement 

e fan f i l t e r ,  l oca t ed  on the  f a n  a t  t h e  lower l e f t  s i d e  o f  t h e  instrument ,  
is he ld  i n  p l ace  by t h e  snap-on g r a t i n g .  
vacuum the  fan f i l t e r .  Replace t h e  f i l t e r  eve ry  6 months. 

When d i r t y ,  o r  on a monthly b a s i s ,  

1. I n s e r t  a screw d r i v e r  i n t o  t h e  g r a t i n g  and free t h e  f i l t e r  by g e n t l y  

2. Vacuum or d i s c a r d  the f i l t e r .  
3. Hold t h e  new f i l t e r  (PN 07158, lO/bag) on to  t h e  i n n e r  s i d e  o f  t h e  

g r a t i n g ,  and p r e s s  the g r a t i n g  back i n t o  the  f a n  housing u n t i l  i t  snaps 
i n t o  pLace. 

prying t h e  g r a t i n g  ou t  from t h e  fan housing ( F i g u r e  5 . 4 7 ) .  

Fi! t e r  

I /  
Gra t i ng 

Figure 5.47 Fan F i l t e r  Replacement 
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5.4.23 Gas Cyl inders  Replacement, Regulator  Adjustment, and Hose F i t t i n g  

To check gas amount and p r e s s u r e ,  r e f e r  t o  the  fol lowing Gas Regulator  
Ad j us tmen t s e c t  ion. 

Gas Cylinder  Replacement 

1. Turn t h e  gas  c y l i n d e r s  o f f  a t  t he  r e g u l a t o r s .  
2 .  Remove t h e  r e g u l a t o r s  from the  c y l i n d e r s ,  and remove t h e  empty c y l i n -  

3. P lace  t h e  new c y l i n d e r s  (Cal. Gas A - PN 06586, Cal. Gas B - PN 06587) 
d e r s  from t h e  s t ands .  

i n  t h e  s t a n d s  (PN 06546ls tand) .  

NOTE: When a t t a c h i n g  t h e  gas  r e g u l a t o r s ,  ensure  proper alignment 
by a l i g n i n g  the  T t i g h t e n e r  wi th  t h e  small i nden ta t ion .  

4 . A t  t ach  t h e  r e g u l a t o r s  t o  t h e  new c y l i n d e r s  . 
5. Turn t h e  gas  r e g u l a t o r  on with the  gas  wrench (PN 06547). Ver i fy  t h a t  

t h e  gas d e l i v e r y  is  a t  5 2 1 PSI. 
range,  a d j u s t  t h e  r e g u l a t o r s  p e r  the  Gas Regulator  Adjustment procedure.  

d e t e c t i n g  agent .  I f  l e a k s  a r e  de t ec t ed ,  check t h e  washer a t  t he  
valve-cyl inder  j u n c t i o n  f o r  proper  sea l ,  r e p o s i t i o n  t h e  r e g u l a t o r  on 
t h e  tank ,  and t i g h t e n  t h e  f i t t i n g .  

a gas  prime. 

I f  gas  d e l i v e r y  i s  n o t  i n  t h i s  

6. Check a11 j u n c t i o n s  on t h e  c y l i n d e r  va lve  f i t t i n g s  f o r  l eaks  wi th  leak  

7. From t h e  Ready For Analys is  s c r e e n ,  p re s s  MENU, 2, 5, ENTER t o  perform 

8 .  Veri fy  t h a t  bo th  humid i f i e r  w e l l s  a r e  bubbling. 

NOTE: I f  t h e  gas  c a l i b r a t i o n  va lues  of new gas c y l i n d e r s  
are d i f f e r e n t  than t h e  previous c y l i n d e r s ,  se t  new 
gas  c a l  va lues  ( s e e  Sec t ion  5.1.8). 

9. Press HENU, 2, 1, ENTER t o  c a l i b r a t e  t he  gas  e l e c t r o d e s .  - 

Gas Regula tor Adjustment 

With both gas  c y l i n d e r  r e g u l a t o r s  (PN 06545/ regula tor )  completely open, v e r i f y  
t h a t  t he  gas  d e l i v e r y  p re s su re  is a t  approximately 5 PSI + 1 and t h a t  the 
volume is a t  about  2000 PSI. 
r e g u l a t o r  as fol lows:  

I f  t h e  gas  p re s su re  is incoyrec t ,  a d j u s t  t h e  

1. Remove t h e  cover  nut  from t h e  f r o n t  o f  t h e  r e g u l a t o r  w i t h  a 112-inch 

2. I n s e r t  a L18-inch a l l e n  wrench i n t o  t h e  socket  and t u r n  (clockwise f o r  

3. Replace the  cover  nut .  

w r  enc h . 
i nc reas ing  PSI) t o  se t  the  gas  d e l i v e r y  p re s su re  a t  5 + 1 PSI.  - 

Gas Hose Connection 

1. Place t h e  gas tanks  approximately 5 f e e t  o r  l e s s  from the  gas input  

2 .  At tach the  gas  r e g u l a t o r s  t o  t h e  tanks and secu re  t h e  tanks  wi th  s tands .  
por t s .  

NOTE: When a t t a c h i n g  the  gas  r e g u l a t o r s ,  ensure pro e r  a l ign -  
ment by a l i g n i n g  t h e  T t i g h t e n e r  with the  sma!L 
ind en t a t  i on. 
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3. S l i d e  the  s p r i n g  hose clamps over each end o f  t he  2 neoprene hoses 

4. S l i d e  an end o f  a hose ove r  t he  f i t t i n g  on t h e  gas  tank r e g u l a t o r  and 
(PN 06548). 

secu re  the  hose with the  s p r i n g  hose clamp (PN 0 6 5 4 9 ) .  
o t h e r  hose and r e g u l a t o r .  

5. Remove t h e  r i g h t  i n s t rumen t  s i d e  cover by unscrewing t h e  3 P h i l l i p s  
head screws then  L i f t i n g  o f f ,  

6 .  Attach t h e  neoprene hoses t o  t h e  two gas p o r t s  on t he  r i g h t  s i d e  of  t h e  
instrument  making s u r e  t o  a t t a c h  hose A t o  f i t t i n g  A and hose B t o  f i t -  
t i n g  B ( F i g u r e  5.48). Secure each hose-connector j u n c t i o n  wi th  a 
s p r i n g  hose clamp. 

Repeat f o r  t he  

F igu re  5.48 Gas P o r t  - Hose Attachment 
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5.4.24 Fuse Replacement 

I f  t h e  Analysis  Ready L igh t  i s  o f f  and t h e  ins t rument  does n o t  respond, check 
t h e  e x t e r n a l  fu se  as follows: 

1. Unplug t h e  instrument  from t h e  AC l i n e  vo l t age .  
2. Access the  e x t e r n a l  f u s e ,  l o c a t e d  a t  t h e  r e a r  o f  t h e  instrument  next  t o  

t h e  socket  f o r  t he  Line cord  (F igu re  5 . 5 9 1 ,  by t u r n i n g  t h e  ? ? a s t i c  
s l o t t e d  fuse  cover 1/2 turn.  

Fuse Cover 

Figure 5.49  E x t e r n a l  Fuse Access 

3. Remove the  fuse  and check t o  see i f  "blown". I f  fu se  is "blown" no te  
t h e  l i n e  vo l t age  i n d i c a t e d  on t h e  s e r i a l  number p l a t e  loca t ed  next  t o  
t h e  l i n e  co rd ,  and r e p l a c e  with the  f u s e  i n d i c a t e d  i n  Table  5.2. If t h e  
fuse  is i n t a c t ,  c o n t a c t  NOVA Technica l  Serv ice  f o r  a s s i s t a n c e .  

Table  5.2 Fuses 

Line Voltage 

100 
120 
200 
2 20 
240 

Fuse - 
5A SLO-BLO 
4A SLO-BLO 
2.5A SLO-BLO 
2A SLO-BLO 
2A SLO-BLO 

4. Plug t h e  instrument  back i n t o  the  AC l i n e  vol tage .  
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Shutdown Procedure 

1. Clean t h e  flow pa th  with c l e a n i n g  s o l u t i o n  ( P N  06979)  per  s e c t i o n  5.4.1. - 
2. Perform a de ion ized  water purge per  s t e p s  1 - 7 of s e c t i o n  5.4.14. 
3. Cap t h e  r eagen t  pack b o t t l e s .  
4. Unclip t h e  PC02 and Po;! e l e c t r o d e s  from the  Flow c e l l .  Remove t h e  

a c r y l i c  cap from t h e  PC02 or t he  membrane from t h e  PO2 e l e c t r o d e  
and d r a i n  t h e  E i e c t r o l y t e  s o l u t i o n  from the e l e c t r o d e .  Rinse t h e  p a r t s  
o f  t h e  e l e c t r o d e s  t h a t  were i n  c o n t a c t  with the E l e c t r o l y t e  s o l u t i o n  
with de ion ized  water , r e p l a c e  t h e  PC02 a c r y l i c  cap and p u t  mem- 
branes onto t h e  e l e c t r o d e s  f o r  p r o t e c t i o n  (Sec t ions  5.4.8 h 5.4.9, 
o m i t t i n g  replacement of  t h e  E l e c t r o l y t e  s o l u t i o n .  Replace t h e  e l ec -  
t rodes  i n  the flow c e l l .  

5 .  Draw t h e  water  o u t  of t h e  gas h u m i d i f i e r s  with a sy r inge .  
6 .  Turn o f f  t he  gases  a t  t he  r e g u l a t o r s .  
7 .  Unplug t h e  in s t rumen t  . 
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5.5 

I t  i s  adv i sab le  t o  keep a s m a l l  q u a n t i t y  of spa re  p a r t s  and s u p p l i e s  to  pro-  
v ide  u n i n t e r r u p t e d  o p e r a t i o n  o f  t h e  S t a t  P r o f i l e  1. The fol lowing List con- 
t a i n s  the  c a t a l o g  number and recommended q u a n t i t y  for each. s p a r e  item. 

Recommended Spare Par t s  and Supp l i e s  3 
DESCRIPTION QUANTITY I T E M  # 

C a l i b r a t i o n  G a s  A 
C a l i b r a t i o n  Gas B 
R e  gu 1 a t o r  
Flow C e l l  
Calcium E l e c t r o d e  
PC02 E lec t rode  
pH E lec t rode  
PO2 E l e c t r o d e  
Potassium E l e c t r o d e  
Reference E l e c t r o d e  
Sodium E lec t rode  
PC02 Xembrane K i t  
Po;! Membrane K i t  
Washer Replacement K i t  
Reagent Harness 
Septum Harness 
W/R Harness 
W/R Tubing Segments 
In t e rconnec t  Tubing 
Reagent Pack 
E lec t rode  Cleaning S o l u t i o n  
Ex te rna l  Con t ro l  1, Acidosis  
Ex te rna l  Con t ro l  2 ,  Normal 
Ex te rna l  Con t ro l  3 ,  A l k a l o s i s  
Hematocrit Level  1, Low Normal 
Hematocrit  Level  2 ,  High Normal 
PC02 E l e c t r o l y t e  So lu t ion  
Po2 Elec tro ly te  Solution 
pH/PCO2 Cond'ing So lu t ion  
N a  Condi t ioning S o l u t i o n  
Sample P r e h e a t e r  (Flow C e l l  h o l d e r )  
C a p i l l a r y  Adapters 
P r i n t e r  Paper 
F i l t e r s  ( lO/bag) 
Sampler Probe-S Line K i t  

1 
1 
1 
1 
3 
1 
1 
1 
1 
1 
1 
2 
2 
2 
1 
1 
1 
1 
1 
2 
1 
2 
2 
2 
2 
2 
1 
1 
2 
2 
1 
1 
2 
1 
2 

06586 
0658 7 
06545 
06017 
06007 
07541 
060 13 
060 15 
06009 
06025 
06011 
0 7543 
06569 
07159 
0 65 16 
065'17 
07272 
07501 
07 16 1 
054 15 
06979 
06550 
06551 
06552 
06555 
06556 
06553 
0 65 54 
06857 
06856 
06525 
06529 
0002 6 
07158 
06523 
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6 TROUBLESBOOTING 

Th i s  s e c t i o n  beg ins  w i t h  t h e  e r r o r  codes and t h e  S t a t u s  s c r e e n s  where t h e s e  
codes a r e  found, Next,  t h e  procedures  to  solve t h e  e r r o r  codes a r e  given.  
F i n a l l y ,  t h e  Se rv ice  Menu, t h e  menu accessed  f o r  t roub Leshoot ing,  is  exp la ined .  

6.1 Error  Codes 

The system program monitors and se l f -d i agnoses  t h e  in s t rumen t  f o r  e r r o r s ,  I f  
an e r r o r  occur s  d u r i n g  use ,  t h e  e r r o r  code and t h e  message CHECK STATUS w i l l  
b e  d i sp l ayed ,  There  are  two re levant  s t a t u s  s c r e e n s  f o r  de t e rmin ing  e r r o r  
codes;  t he  Sequence E r r o r  Sc reen ,  and t h e  System E r r o r  Sc reen ,  exp la ined  as 
fol lows.  From t h e  READY (NOT READY) FOR ANALYSIS Sc reen ,  p r e s s  STATUS twice  
t o  d i s p l a y  t h e  SEQUENCE ERROR S t a t u s  Screen. 

SEQUENCE ERROR S t a t u s  Screen 

SEOUENCE ERRORS 

An.lrrir 
AS A8 T M P .  TOO HI6U 

Press M E R  for Next Screen, CLEAR to Exit .  

17 !%p 8 1  91 24: SI 

The Sequence E r r o r  Screen d i s p l a y s  e r r o r s  which occur  d u r i n g  a n  a n a l y s i s  o r  
c a l i b r a t i o n  c y c l e  and a r e  main ly  e l e c t r o d e  or f l u i d i c  i n  n a t u r e .  P r e s s  STATUS 
a t h i r d  t i m e  t o  d i s p l a y  t h e  SYSX:? ERROR S t a t u s  Screen.  

-- 

SYSTEM ERROR S t a t u s  Screen  

SYSTEM ERRURS 
AS AB TMP.  TOO HIGH 

Press 0 to Clear System Errors. 

Press ENTER for Next Screen, CLEAR to  Exi t .  

17 Sep 85 9134112 

The System E r r o r  Screen d i s p l a y s  e r r o r s  which occur  when a hardware o r  s o f t -  
ware problem is d e t e c t e d  w i t h i n  t h e  ins t rument ,  
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A 1 1  o f  the  r e p o r t e d  E r r o r  Codes a re  broken down i n t o  two c a t a g o r i e s ,  X i n o r  and 
or e r r o r  codes. During an  a n a l y s i s  when t h e  system d e t e c t s  a Minor e r r o r  

CRT w i l l  d i s p l a y  a f l a s h i n g  r e s u l t  and t h e  p r i n t e d  r e s u l t  w i l l  c o n t a i n  a ~ C b  u e s t i o n  mark ( ? )  nex t  t o  i t .  Any f l a s h i n g  r e s u l t  or p r i n t e d  r e s u l t  w i th  a 
q u e s t i o n  mark should be i n t e r p r e t e d  with extreme cau t ion .  I f  a Major e r r o r  is  
d e t a c t e d ,  v a l u e s  w i l l  n o t  be d i sp layed  or p r i n t e d  f o r  t he  i n c o r r e c t  channel.  
The p o s s i b l e  e r r o r  codes a v a i l a b l e  are  l i s t e d  i n  Table  6.1. 

Table  6.1 STAT PROFILE 1 Error Codes 
I 

Comments Sequence E r r o r  Codes LYE!E 

0 1  pH OVERLOAD A/C MAJOR A = GasIStandard 
PO2 OVERLOAD A MAJOR 

0 3  PC02 OVERLOAD A MAJOR 
04 H c t  OVERLOAD C MAJOR 

. ..,.... 0 5  :la+ OVERLOAD c ML tevl MJOR 
~ h ~ k b 6  K+ OVERLOAD C f i b  MAJOR 07 a- dry,~ritad.& .- 

08 Ca* OVERLOAD C MAJOR 

10 PROGRAM LOGIC ERR MAJOR-ALL -ALL = a l l  electrodes are a f -  
f e c t e d  w i t h  e r r o r  codes r epor t ed  
for a l l  e l e c t r o d e s .  

11 pH OVERLOAD B/S UAJOR B GaslStandard B AI; -9 
12 Po;! OVERLOAD B/S FIAJOR S = Sample 0 13 PC02 OVERLOAD B / S  MAJOR 
14 Hct-OVERLOAD B/S  WJOR 
15 N a +  OVERLOAD D/S MAJOR D = Standard D 
16 K+’OVERLOAD D/S MAJOR 
18 Ca* OVERLOAD D/S MAJOR 

20 CONTROL TABLE ERR MA JOR-ALL 

2 1  
22 
23  
24 
25  
26 
28 

30 

pH INSTAB A/C MINOR INSTAS = I n s t a b i l i t y  
PO2 INSTAB A MINOR 
PC02 INSTAB A H I N O R  
Hct INSTAB C MINOR 
Na+ INSTAB C MINOR 
K+ INSTAB C MINOR 
Ca* INSTAB c M I  NOR 

AWTH ERROR 

_*I..><.. 

4lw p”-Le, 

d&v-Q- U r A  
MAJOR-ALL - 6 0 m oQ)r&glw - fdz ’ Fc‘Oz- 

31  pH INSTAB B/S M I  NOR 
32 PO2 INSTAB B/S YI NOR 
33 PC02 INSTAB B/S M I N O R  
34 H c t  INSTAB .B/S M I N O R  
35 Na+ INSTAB D/S X I N O R  
36 K+ INSTAB D/S MIXOR 
38 Ca* INSTAB D/s a Y I N O R  
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T a b l e  6 .1  E r r o r  C o d e s  c o n t i n u e d  

Sequence E r r o r  C o d e s  

40 

4 1  
42  
43 
44 
45 
46 
48 

50 

51  
52 
53 
54 
55 
56 
58 

60 

61 
62 
63 
64 
65 
66 
67 
69 

70 

7 1  
72 
73 
74 
75 
76 
78 

80 
81 
82 
83 

85 
86 

88 
89 

SAMPLER ON ERROR 

pH SLOPE ERROR 
PO2 SLOPE ERROR 
P C 0 2  SLOPE ERROR 
H c  t SLOPE ERROR 
Na+ SLOPE ERROR 
K+ SLOPE ERROR 
Ca++ SLOPE ERROR 

A I R  PROGRAM ERROR 

E-ZERO D R I F T  pH 
E-ZERO D R I F T  Po;! 
E-ZERO D R I F T  P C 0 2  
E-ZERO D R I F T  H c t  

E-ZERO D R I F T  K+ 
E-ZERO D R I F T  Na+ 

E-ZERO DRIFT Ca* 

BY-PASS VALVE BAD 

pH OUT O F  RANGE 
PO2 OUT O F  RANGE 
P C 0 2  OUT O F  RANGE 
H c t  TOO LOW 
H c t  TOO HIGH 
sa+ OUT OF RANGE 
K+ OUT O F  RANGE 
C a f t  OUT OF RANGE 

H c t  CALC ERR; N a  

A to A D R I F T  p H  
A to A D R I F T  Po;! 
A to A D R I F T  PCO;! 
A t o  A D R I F T  H c t  
A to  A D R I F T  Na+ 
A to  A D R I F T  K+ 
A to A DRIFT C a f t  

PO2 MEMBRANE BAD 
P C 0 2  MEMBRANE BAD 
PO2 MEM OVERLOAD 
PCO2 MEM OVERLOAD 

A mVs , AD2 
A mVs , AD3 

FLOW RATE SLOW 
FLOW RATE FAST 

Cornmen ts Type . 

MAJOR-ALL - 
MAJOR I .  Cr,, 
MAJOR 7. &d 

b.3.+ k i d & ?  M J O R  
MAJOR 
MAJOR 
MAJOR 
W J O R  

MINOR-ALL - &P" d+ 

MAJOR 
MAJOR 
MAJOR 
MAJOR 
MAJOR 
M J O R  
MAJOR 

MAJOR 

MINOR 
M I  NOR 
MINOR 
MIXOR 
M I  NOR 
MINOR 
MINOR 
MINOR 

MAJOR-Hct CALC = Calcu la t ion  160 -/eo& 

MAJOR A to  A = A n a l y s i s  t o  A n a l y s i s  
MAJOR 
MAJOR 
MAJOR 
MAJOR 
MAJOR 
MAJOR 

M I  NOR MEM = M e m b r a n e  
MINOR 

MAJOR-ALL - 70 k 20 &$w 
MAJOR-ALL. A&=zs w w  

q0410 -- 
MINOR-ALL 
XINOR-ALL -(37 -5f).@ e& 
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T a b l e  6.1 E r r o r  C o d e s  c o n t i n u e d  

Sequence E r r o r  C o d e s  C o m m e n t s  Type I 

90 NO A I R  WHEN REQ 
9 1  NO SAMPL WHEN REQ 
92 NO GAS A WHEN REQ 
93 NO GAS B WHEN REQ 
94 NO STD A WHEN REQ 
95 NO STD B WHEN REQ 
96 NO STD C WHEN REQ 
97 NO STD D WHEN REQ 
98 NO FLUSH WHEN REQ 

99 VTIM ERROR 

. S Y S T E M E R R O R S  

A0 AB THERM. OPEN E R  
A 1  AB THERM. SHORTED 
A2 AB DAC UPPER LIM 
A 3  AB DAC LOWER LIM 
A4 AB T h P .  TOO LOW 
A5 AB TEMP. TOO HIGH 
A6 AB RESPONSE SLOW 
A7 BLOWER MOTOR F A I L  

HO CLK INT TOO LONG 
H I  PROGRAM F A I L  ERR 
H2 ADC NOT READY ERR 

ADC NOT SCANNING /LED% ' H3 

IL63L - H5 BAROMETER FAILURE 
I H4 ADC SCAN ERROR 

PO 
P l  

P 3  

P 5  
P6 
P7 
P 8  

e2 

e4 

e9 

so 
s1 
s2 
s3 

P R I N T E R  ERROR? 
P R I N T E R  P G F  ERROR 
P R I N T E R  TIMER ERR 
P R I N T E R  WATCHDOG 
P R I N T E R  STACK ERR 
P R I N T E R  CHECKSUM 
P R I N T E R  ANODE ON 
P R I N T E R  ANODE O F F  
P R I N T E R  TIIMEOUT 
P R I N T E R  NOT CONN. 

SP THERM. OPEN E R  

SP DAC UPPER L I M  
S P  DAC LOWER L I M  

SP THERM. SHORTED 

MAJOR-ALL REQ = R e q u i r e d  
MA JOR-ALL 
MAJOR-ALL 
MA JOR-ALL 
MA JOR-ALL 
MA J O  R-ALL 
MA JOR-ALL 
PIA JOR-ALL 
MAJOR-ALL 

MAJOR-ALL VTIM * V a r i a b l e  T i m e  C o m m a n d  

C o m m e n t s  
- .  ZYE 

MINOR-ALL AB * A i r  B a t h  
MINOR-ALL THERM. = T h e r m i s t o r  
MINOR-ALL DAC = D/A C o n v e r t e r  
XINOR-ALL LIM = L i m i t  
MINOR-ALL TEMP. = T e m p e r a t u r e  
MINOR-ALL 
M I  NOR-ALL 
X I  NOR-ALL 

MINOR-ALL CLK INT = C l o c k  I n t e r r u p t  
M I  NOR-ALL 
MINOR-ALL ADC = A n a l o g - t o - D i g i t a l  C o n v e r t e r  
XINOR-ALL 
M I  NOR-ALL 
MINOR-PO2 

6 P C 0 2  

P G F  = P r o g r a m  F a i l  

CONN. = C o n n e c t e d  

IYINOR-ALL SP = S a m p l e  P r e h e a t e r  
M I  NOR-ALL 
H I  NOR-ALL 
MI MOR-ALL 
MINOR-ALL 
MINOR-ALL 

S4 S P  TEMP. TOO LOW 
S5 SP TEMP. TOO HIGH 
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6.2 Troubleshoot ing 

Troubleshoot  e r r o r s  by n o t i n g  t h e  e r r o r  code and fol lowing t h e  a p p r o p r i a t e  
procedure. For m u l t i p l e  e r r o r s ,  t he  procedures are  given i n  o r d e r  o f  effec-  
t i v e n e s s ;  t h e r e f o r e ,  s o l v e  e r r o r s  i n  t h i s  order .  Solving e r r o r s  i n  t h i s  o rde r  
may e l i m i n a t e  problems t h a t  would o the rwise  r e q u i r e  a s e r v i c e  c a l l .  Refer t o  
Sec t ion  6.4.1, t h e  System T e s t  s c r e e n s ,  f o r  an exp lana t ion  o f  how to  a c c e s s  
t h e  subassemblies  d i s c u s s e d  i n  t h e  fol lowing procedures.  

NOTE: A f t e r  s e r v i c i n g  e l e c t r o d e s  o u t s i d e  t h e  Analyzer Compart- 
ment, a l l ow a 5 minute warm-up pe r iod  f o r  N a ,  K ,  Caw, 
o r  pH e l e c t r o d e s  and a 15 minute warm-up pe r iod  f o r  PC02 
o r  PO2 e l e c t r o d e s .  

I f  t h e s e  procedures do n o t  s o l v e  t h e  problem, c o n t a c t  NOVA Technica l  Service.  
When c a l l i n g  NOVA Technica l  S e r v i c e  f o r  a s s i s t a n c e  w i t h  t roub le shoo t ing ,  i t  i t  
h e l p f u l  t o  have  w r i t t e n  down t h e  e r r o r  codes,  flow t i m e s ,  and s l o p e  pe r fo r -  
mance numbers . 

FOR TECHNICAL ASSISTANCE OR SERVICE, CALL TOLL FREE: 

1-800-545-NOVA 

OR CALL NOVA BIOMEDfCAL DIRECT: 

1-6 17-8 9 4 4 8 0 0  

6.2.1 Flow-Related Errors - 8 8 ,  89 Flow Rate SlowfFast ,  90 No A i r  When 
Required 

Flow E r r o r  Codes are  u s u a l l y  r e l a t e d  t o  blockages o r  problems with the  flow 
path.  I f  f low times, as r e a d  from the  System S t a t u s  s c r e e n ,  a re  unacceptable  
(Table  6.2) c o r r e c t  as follows. 

Table  6.2 Flow Time L imi t s  ( i n  t e n t h s  o f  seconds) 

Microcomputer L i d  ts 

C a l i b r a t i o n  39 - 54 

Ana 1 y s i s  . -5  - +30 
(change from 
ca  1 i b ra  t i on t i m e  ) 
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P o s s i b l e  Cause: C o r r e c t i v e  Procedure: 

Flow Blockage 1. Flush the Flow Path (Sec. 5.4.6); 
then a s p i r a t e  Cleaning So lu t ion  
(Sec. 5.4.1). 

2. Replace the W/R Tubing Segments 
(Sec. 5.4.11). 

6.3.1.7) and a d j u s t  i f  needed. 

c--- 
2. Worn W/R Segments 

3. I n c o r r e c t  Probe P o s i t i o n  3. Perform Probe Placement Tes t  (Sec. 

4. I n c o r r e c t  S Line connect ion 4. Reseat S Line. 
5 .  I n c o r r e c t  e l e c t r o d e  seal  i n  5 .  I n s e r t  c o r r e c t  washer i n  Flow C e l l  

6 .  F a i l i n g  A i r  Detector  6. Perform A i r  O s c i l l a t o r  T e s t  (Sec. 
e l e c t r o d e  chamber chamber (Secs .  5.4.7, 5.4.8. 5.4.9). 

6.3.1.4) and r e p l a c e  Sample P re -  
h e a t e r  i f  necessary.  

6.2.2 I n s u f f i c i e n t  Sample 

The instrument  w i l l  a b o r t  an a n a l y s i s  c y c l e  and perform a system f l u s h  i f  t h e  
sample volume is  l e s s  than 250 u l .  

P o s s i b l e  Cause: C o r r e c t i v e  Procedure: 

1. Flow Blockage 1. Flush the  Flow Pa th  (Sec. 5.4.6); 
then a s p i r a t e  Cleaning So lu t ion  
(Sec. 5.4.1). 

s i ze .  Ver i fy  probe t i p  completely 
Sample volume i n s u f f i c i e n t  2. Ensure a t  l eas t  250 ul sample 0 

3. I n c o r r e c t  Probe P o s i t i o n  

4. F a i l i n g  A i r  Detector  

5 .  Faulty Bypass Valve 

immersed i n  sainple. 
3. Perform Probe Placement Tes t  .(Set. 

6.3.1.7) and a d j u s t  i f  needed. 
4. Perform A i r  O s c i l l a t o r  Tes t  (Sec.  

6.3.1.4) and r e p l a c e  Sample P r e -  
h e a t e r  i f  necessary.  

6.3.1.9). 
5. Perform a Bypass  Valve Tes t  (Sec. 

6.2.3 85, 86 A i r  Detector A Mil l ivo l t  E r r o r s  

P o s s i b l e  Cause: C o r r e c t i v e  Procedure: 

1. Flow Blockage 1. 

2. Protein-coated A i r  Detectors  2. 

3. Reagent Pack Empty 3. 
4. I n c o r r e c t  Probe P o s i t i o n  4. 

F a i l i n g  Air Detector .' 
6. Faul ty  Reagent or Septum 

Harness 

5 .  

6 .  

Flush the Flow Path (Sec. 5.4.6); 
then a s p i r a t e  Cleaning So lu t ion  
(Sec. 5.4.1). 
A s p i r a t e  Cleaning So lu t ion  (Sec. 
5.4.1). 
Replace Reagent Pack (Sec 5.4.15). 
Perform Probe Placement Tes t (Sec. 
6.3.1.7) and a d j u s t  i f  needed. 
Perform A i r  O s c i l l a t o r  Test  (Sec. 
6.3.1.5) and r ep lace  Sample P r e -  
h e a t e r  i f  necessary.  
Replace Reagent (Sec. 5.4.13) or 
Septum (Sec. 5.4.14) Harness. 
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6 -2.4 80, 81 ,  82, 83 P 9 ,  PC02 E l e c t r o d e  Membrane Bad and Membrane 
Overload 

These e r r o r  codes s i g n i f y  a l e a k i n g  o r  improperly func t ion ing  membrane. 

P o s s i b l e  Cause: C o r r e c t i v e  Procedure: 

1. Wet Flow Cell  chamber 

2. Faul ty  Membrane 

3. Faul ty  e l e c t r o d e  s p r i n g  

1. Remove the e l e c t r o d e  and washer and 
dry the  Flow C e l l  chamber with a 
swab. Verify e r r o r  s o l u t i o n  b e f o r e  
r e c a l i b r a t i n g  by performing t h e  
PO2 Membrane Tes t  (Sec. 6.3.2.1). 

2, Remembrane the  e l e c t r o d e  (PCO2 - 
Sec. 5.4.8, PO2 - Sec. 5.4.9). 
Ver i fy  e r r o r  s o l u t i o n  b e f o r e  
r e c a l i b r a t i n g  by performing t h e  
PO2 Membrane Tes t  (Sec. 6.3.2.1). 

3, Replace the e l e c t r o d e .  V e r i f y  
e r r o r  s o l u t i o n  be fo re  r e c a l i b r a t i n g  
by performing t h e  PO2 Membrane 
Test (Sec. 6.3.2.1). 

6.2.5 1, 5 ,  6 ,  8 ,  11, 15, 16, 18 C a l i b r a t i o n  and Analysis E lec t rode  
Overload - N a ,  K, Ca*, pH. 0 An electr 'ode overload i s  an e l e c t r o d e  v o l t a g e  t h a t  i s  over accep tab le  l isi ts .  

From the READY FOR ANALYSIS s c r e e n ,  perform a c a l i b r a t i o n  as follows: 

pH or Hct Overload - press - XENU, L, 2, ENTER 

Na, K ,  or Ca* Overload - p r e s s  E, L, 2, ENTER 

I f  the  e r r o r  code r e c u r s ,  t roub le shoo t  as follows: 

Pos s i b  l e  Cause : C o r r e c t i v e  Procedure: 

1. A i r  bubble i n s i d e  e l e c t r o d e  

2. A i r  bubbles i n  Flow C e l l  a t  

3. Blocked Reference E l e c t r o d e  
t h e  e l e c t r o d e  t i p  

4. Faulty Reagent or Septum 

5. Faulty S Line connect ion 
6. Reagent Pack empty 

Harness 

7.  F a i l i n g  e l e c t r o d e  0 

1. Remove t h e  e l e c t r o d e  and with a 
w r i s  t-snapping motion shake t h e  
e l e c t r o d e  down t o  move bubbles t o  
t h e  back o E t he  e l e c t r o d e  . 

2, Perform a Flow C e l l  cond i t ion ing  
c y c l e  (Sec. 5.4.3). 

3. Flush the Reference E lec t rode  (Sec. 
5.4.6). 

4. Replace Reagent (Sec. 5.4.13) o r  
Septum (Sec. 5.4.14) Harness. 

5 .  Reseat S Line. 
6. Replace the Reagent Pack (Sec. 

7. Replace and precondi t ion e l e c t r o d e  
5.4.15). 

(Sec. 5.4.7). 
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2 ,  3 ,  12, 13 Po;! 6 PCO;! C a l i b r a t i o n  and Analysis  E l e c t r o d e  
Overload 

An e l e c t r o d e  overload i s  an e l e c t r o d e  vo l t age  t h a t  is  over a c c e p t a b l e  l i m i t s .  

From the READY FOR ANALYSIS s c r e e n ,  p re s s  MENU, 1, 1, ENTER t o  perform a gas 
c a l i b r a t i o n .  I f  t h e  e r r o r  code r e c u r s ,  t roub le shoo t  as follows : 

P o s s i b l e  Cause: Cor rec t ive  Procedure: 

1. Low E l e c t r o l y t e  S o l u t i o n  1. I f  PC02 e l e c t r o d e  low, r e f i l l .  
I f  PO2 low, remembrane (Sec. 
5.4.9). 

2. Flow C e l l  chamber w e t  2. Remove t h e  e l e c t r o d e  and washer 
and d ry  t h e  chamber wi th  a swab. 

3. A i r  bubble i n s i d e  e l e c t r o d e  3. Remove the  e l e c t r o d e  and with a 
wris t-snapping motion shake t h e  
e l e c t r o d e  down, moving bubbles t o  
t h e  back o f  t h e  e l e c t r o d e .  

i f  necessary (PC02 - Secs. 
6.3.1.2, 5.4.8; PO2 - Sec. 
6.3.1.3, 5 . 4 . 9 ) .  

5 .  Replace and c o n d i t i o n  e l e c t r o d e  
(PC02 - Sec. 5.4.8, PO2 - Ssc. 
5.4.9). 

4. Perform membrane tes ts  and r e p l a c e  4. Fau l ty  membrane 

5 ,  F a i l i n g  e l e c t r o d e  

6.2.7 4, 14 H c t  C a l i b r a t i o n  and Analysis  Overload . 

An e l e c t r o d e  overload is an e l e c t r o d e  vo l t age  t h a t  is  over a c c e p t a b l e  l i m i t s .  

From the READY FOR ANALYSIS s c r e e n ,  perform a c a l i b r a t i o n  by p res s ing  - -  MENU, 2 ,  
2 ,  ENTER. If t h e  e r r o r  code r e c u r s ,  t roub le shoo t  as follows: - -  
P o s s i b l e  Cause: 

1. Flow Blockage 

2. P rehea te r  not  connected 

3. Reagent Pack empty 

4. Protein-coated A i r  De tec to r s  

5. Faul ty  P r e h e a t e r  
6. Faulty Reagent Line 

C o r r e c t i v e  Procedure: 

1. Flush the Flow Path (Sec. 5.4.6) ; 
then a s p i r a t e  Cleaning S o l u t i o n  
(Sec,  5.4.1). 

2. P r e s s  P rehea te r  f irrnly onto the  
e l e c t r i c a l  connect ions.  

3. Replace the Reagent Pack (Sec. 

4. Aspi ra t e  Cleaning S o l u t i o n  (Sec. 

5. Replace P rehea te r  (Sec. 5.4.15). 
6. Replace Septum and Reagent Harnes- 

s e s  (Secs. 5.4.14, 5.4.15). 

5.4.i5). 

5.4.1). 
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6.2.8 4 1 ,  4 5 ,  4 6 ,  4 8  N a ,  K ,  Ca*, pH Slope E r r o r s  

Poss i b  l e  Cause : 

1. A i r  bubble i n s i d e  e l e c t r o d e  

2. A i r  bubbles i n  Flow C e l l  a t  
e 1 ec  t r ode t i p  

3. Unconditioned e l e c t r o d e  

4 .  F a u l t y  washer 
5 .  Worn W/R Segments 
6 ,  Reference e l e c t r o d e  - i f  

s lope  e r r o r s  on a l l  e l e c t r o d e s  

7. Elec t rode  cab le  plugged i n t o  

Cor rec t ive  Procedure: 

1. Remove t h e  e l e c t r o d e  and with a 
w r i s  t-snapping motion shake t h e  
e l e c t r o d e  down t o  move bubbles t o  
t h e  back o f  t h e  e l e c t r o d e .  
Perform a Flow C e l l  c o n d i t i o n i n g  
c y c l e  (Sec. 5 . 4 . 3 ) .  

2 .  

3 .  Condition as fol lows:  

- Na - Perform c o n d i t i o n i n g  cyc le  

K ,  Ca*, pH- Condit ion p e r  
(See. 5 . 4 . 2 )  . 
precondi t ioi t ing i n s t r u c t i o n s  
(Sec. 5 . 4 . 7 ) .  

- -  

4 .  Replace washer (Sec. 5 . 4 . 7 )  
5 ,  Replace Segments(Sec. 5.4.11) . 
6 .  Flush t h e  r e f e r e n c e  e l e c t r o d e ,  

replace and r e c a l i b r a t e .  I f  e r r o r s  
r e c u r ,  r e p l a c e  Reference E l e c t r o d e  
(Secs. 5 . 4 . 6 ,  5 .4 .10) .  

7. Ensure e l e c t r o d e  c a b l e  plugged i n t o  - - -  

i n c o r r e c t  socke t  on Rack Assembly c o r r e c t  s o c k e t  . 
8. F a i l i n g  e l e c t r o d e  8. Replace and p recond i t ion  e l e c t r o d e  

9 .  Contaminated Reagent Pack 9 .  Replace Reagent Pack (Sec. 5 . 4 . 1 5 ) .  
10. Flow Blockage 10. Flush the  Flow P a t h  (Sec. 5 . 4 . 6 ) ;  

(Sec. 5 . 4 . 7 ) .  

then A s p i r a t e  Cleaning S o l u t i o n  
(Sec. 5 . 4 . 1 ) .  

.I 

6.2.9 44 Hct Slope Error 

P o s s i b l e  Cause: C o r r e c t i v e  Procedure: 

1. Protein-coated A i r  Detectors  

2. Flow Blockage 

3. P r e h e a t e r  not connected 

4. Faul ty  P rehea te r  
5 .  Reagent Pack Empty 
6. Faul ty  Reagent of Septum ilarness 

1. A s p i r a t e  Cleaning So lu t ion  (Sec. 

2 .  Flush the Flow Path (Sec. 5 . 4 . 6 ) ;  
5 . 4 . 1 ) .  

then Asp i ra t e  Cleaning So lu t ion  
(Sec. 5 . 4 . 1 ) .  

3 .  S e a t  P r e h e a t e r  f i r m l y  on e l e c t r i c a l  
connections.  

4. Replace P rehea te r  (Sec. 5 . 4 . 1 8 ) .  
5 .  Replace Reagent Pack (Sec 5 . 4 . 1 5 ) .  
6 .  Replace Reagent (Sec,  5 .4 .13 )  o r  

Septum Harness (Sec. 5 . 4 . 1 4 ) .  
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.lo 42 , 43 Po;! , PC02 Slope Errors 

oss i b  l e  Cause : C o r r e c t i v e  Procedure: 

1. I n c o r r e c t  Gas C a l  va lues  1. S e t  c o r r e c t  gas  v a l u e s  (Sec. 5.1.8). 
2. Reversed gas l i n e  hook-up. 2. Ensure gas  l i n e s  hooked up t o  cor- 

3. Gases not  pr imed through system. 3. Perform a gas  p r ime  (Sec. 5.1.6) .  
4. Low E l e c t r o l y t e  So lu t ion  4. For: 

r ec t  p o r t s  (Sec. 5.4.23). 

pc02 - r e f i l l  ( r e f e r  to  Sec. 

po2 - remembrane (Sec. 5.4.8). 
5 -4.8) .. 

5 . Unconditioned e l e c t r o d e  

F a u l t y  washer 
F a i l i n g  e l e c t r o d e  

8. Empty gas c y l i n d e r s  

5 .  Condit ion as follows: 

PC02 - Condit ion pe r  condi- 
t i o n i n g  ins  t r u c  t i o n s  
(Sec. 5.4.8) . 

PO2 - I f  slope performance 
number is less than - 7 ,  
p o l i s h  i n  a d d i t i o n  t o  - precond i t ion ing  (Sec. 
5.4.9) . 

6 .  Replace washer (Secs. 5.4.8 & 9) 
7. Replace and c o n d i t i o n  e l e c t r o d e  

(PC02 - Sec. 5.4.8,  PO2 - Sec. 
5.4.9). 

8. Replace gas  c y l i n d e r s  (Sec. 5.4.23). 
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6.2.11 2 1  - 2 6 ,  2 8 ,  3 1  - 3 6 ,  38 I n s t a b i l i t y  

P o s s i b l e  Cause: C o r r e c t i v e  Procedure: 

1. A i r  bubbles i n  Flow C e l l  a t  1. 

2 .  Unconditioned e l e c t r o d e  2 .  
t h e  e l e c t r o d e  t i p  

3. Flow Blockage 3. 

4 .  F a i l i n g  e l e c t r o d e  4 .  

5 ,  Blocked Reference E lec t rode  5 .  
( i n s t a b i l i t y  e r r o r s  on a l l  
e l e  c tr od e s )  

6. Worn W/R Segments 6 .  
7 .  Faulty Reagent o r  Septum Harness. 7 .  

8. Reagent Pack empty 80 

Perform a Flow C e l l  cond i t ion ing  
c y c l e  (Sec. 5 . 4 . 3 ) .  
Condit ion as follows: 

- Na - Perform cond i t ion ing  cyc le  

- -  K, Ca*, pH- Condition per  
(See. 5 . 4 . 2 ) .  

precond i t ion ing  i n s t r u c t i o n s  
(Sec. 5.4.7). 

d i t i o n i n g  i n s t r u c t i o n s  
(Sec. 5.4.8). 

po2 - If s l o p e  performance 
number is  less than - 7 ,  
p o l i s h  i n  a d d i t i o n  t o  
precondi t ioning (Sec. 5.4.9). 

pco:! - Condition p e r  precon- 

Flush the  Flow Path (Sec. 5.4.6); 
then Asp i ra t e  Cleaning So lu t ion  
(Sec. 5.4.1) .  
Replace and p recond i t ion  e l e c t r o d e  
(Sec. 5 . 4 . 7 ) .  
Flush the Reference Electrode , 
r ep lace  and r e c a l i b r a t e .  I f  e r r o r s  
r e c u r ,  r e p l a c e  Reference E l e c t r o d e  
(Secs. 5.4.6 & 5.4.10). 
Replace Segments (Sec. 5.4.11). 
Replace the  Reagent (Sec. 5.4.13) 
o r  Septum (Sec. 5.4.14). 
Replace the Reagent Pack (Sec. 
5.4 . 15 . 
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2.12 51, 55,  56 ,  58, 71,  75, 76, 78 Na, K, Ca*, pH E-Zero and A t o  A 
D r i f t  

E-Zero (Sec 8.2.2) and A t o  A (Ana lys i s  t o  Analysis)  D r i f t  e r r o r s  a r e  commonly 
e l imina ted  by performing t h e  a p p r o p r i a t e  subsystem c a l i b r a t i o n  and r eana lyz ing  
t h e  sample. 
c l o s e r  agreement to  t h e  a n a l y s i s  s t anda rd  values .  Perform t h i s  procedure a s  
follows : 

These s t e p s  s e t  new c a l i b r a t i o n  s t anda rd  va lues  which a r e  i n  

1. From t h e  READY FOR ANALYSIS s c r e e n ,  p r e s s  E, 2, t o  access  t h e  Main- 
tenance menu. I f  t h e  e r r o r  code occurred f o r  the Na, K ,  o r  Ca* 
e l e c t r o d e s ,  p r e s s  2 t o  s e l e c t  an e l e c t r o l y t e  subsystem c a l i b r a t i o n .  
t he  e r r o r  code occurred f o r  t he  pH e l e c t r o d e ,  p re s s  1. t o  s e l e c t  a 
pH/Hct subsys t e m  c a l i b r a t i o n .  
P r e s s  ENTER t o  perform the c a l i b r a t i o n .  

I f  

2. - 
. 3. Analyze t h e  sample p e r  t he  a p p r o p r i a t e  a n a l y s i s  procedure (Sec. 3.1.2). 

I f  t h e  e r r o r  code r e c u r s ,  t roub le shoo t  as follows: 

P o s s i b l e  Cause: C o r r e c t i v e  Procedure: 

1. A i r  bubbles i n  Flow C e l l  a t  1. Perform a Flow C e l l  cond i t ion ing  
e l e c  t r ode ' c y c l e  (Sec. 5.4.3). 

2. Unconditioned e l e c t r o d e  2. Condi t ion as follows: 

3. Flow Blockage 3. 

4. F a i l i n g  e l e c t r o d e  4. 

5. Reference E l e c t r o d e  - i f  5 .  
d r i f t  e r r o r s  on a l l  e l e c t r o d e s  

Na - Perform cond i t ion ing  cyclo, 

K ,  Ca*, pH- Condit ion p e r  

- 
(See. 5 . 4 . 2 )  . 
precond i t ion ing  i n s t r u c t i o n s  
(Sec. 5 . 4 . 7 ) .  

- -  

Flush the Flow Path (Sec. 5.4.6); 
then Asp i ra t e  Cleaning So lu t ion  
(Sec. 5.4.1). 
Replace and p recond i t ion  e l e c t r o d e  
(Sec. 5 . 4 . 7 ) .  
Flush the Reference E l e c t r o d e ,  
r ep lace  and r e c a l i b r a t e .  If e r r o r s  
r e c u r ,  r e p l a c e  Reference E l e c t r o d e  
(Secs.  5.4.6, 5.4.10). 

6.2.13 52, 53 ,  72, 73 Po;!, PC02 E-Zero and A t o  A D r i f t  

E-Zero (Sec 8.2.2) and A t o  A (Analysis  t o  Analysis)  D r i f t  e r r o r s  a r e  commonly 
e l imina ted  by performing the  a p p r o p r i a t e  subsystem c a l i b r a t i o n  and r eana lyz ing  
the sample. These s t e p s  s e t  new c a l i b r a t i o n  s t anda rd  va lues  which a r e  i n  
c l o s e r  agreement t o  the  a n a l y s i s  s t anda rd  values .  Perform t h i s  procedure a s  
follows: 

1. From t h e  READY FOR ANALYSIS s c r e e n ,  p re s s  MENU, 2 ,  1 ENTER t o  perform - - -- 
a gas subsystem c a l i b r a t i o n .  0 2 .  Analyze t h e  sample per  the a p p r o p r i a t e  a n a l y s i s  procedure (Sec. 3.1.2). 
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I f  the  e r r o r  code r e c u r s ,  t roub le shoo t  

Poss ib l e  Cause : 

1. Low E l e c t r o l y t e  So lu t ion  

2 .  Faulty membrane 

3.  Unconditioned e l e c t r o d e  

4. F a i l i n g  e l e c t r o d e  

5 .  Empty gas c y l i n d e r s  0 '  

as follows: 

Cor rec t ive  Procedure: 

1. Cor rec t  a s  follows: 

pco? - r e f i l l  ( r e f e r  to  Sec. 
5.4.8). 

po2 - remembrane (Sec. 5.4.9). 

2. Perform membrane t e s t s  (PC02 - 
3. Condition a s  follows: 

Sec. 6.3.1.2, PO2 - Sec. 6.3.1.3). 

pco2 - Condition p e r  condi- 
d i t i o n i n g  i n s  t r u c t i o n s  
(Sec. 5.4.8). 

number is l e s s  than - 7 ,  
p o l i s h  i n  a d d i t i o n  t o  
p recond i t ion ing  (Sec. 

 PO^ - ~f s l o p e  performance 

5.409). 

4. Replace and c o n d i t i o n  e l e c t r o d e  
(PC02 - Sec. 5.4.8, PO2 - Sec. 
5.4.9). 

5 .  Replace gas c y l i n d e r s  (Sec. 5 . 4 . 2 3 ) .  

6.2.14 61 - 67, 69 

The sample r e s u l t s  a r e  n o t  w i t h i n  t h e  measurement range o f  t h e  instrument .  

pH, P k ,  P C k ,  Hct, N a ,  K, Ca* Out of  Range 

6- 13 



90 - 98 No Standards ,  Sample, G a s ,  A i r  When Required 

e system does n o t  d e t e c t  f l u i d  o r  gas a t  t h e  proper  p o s i t i o n  a t  t h e  proper  
time. An a b o r t  f l u s h  sequence w i l l  immediately occur .  

P o s s i b l e  Cause : C o r r e c t i v e  Procedure:  

1. Standard  or Gas empty 

2. Flow Blockage 

3.  Improper gas  d e l i v e r y  

4. Fau l ty  Harness 

5 .  I n c o r r e c t  Probe p o s i t i o n  

6,  Fau l ty  A i r  Detec tors  

1. Replace Reagent Pack (Sec. 5.4.15) 
o r  G a s  c y l i n d e r  (Sec. 5.4.23).  

2. F lush  t h e  Flow Path  (Sec. 5.4.6);  
then  A s p i r a t e  Cleaning So lu t ion  
(Sec. 5.4.1). 
Ver i fy  g a s  r e g u l a t o r  adjustment  a t  
5 PSI (Sec. 5.4.23) .  

3 .  

4. Replace Harness as fol lows:  

W/R - Sec. 5.4.12 
Reagent - Sec. 5.4.13, 
Septum - Sec. 5.4.14 

5 .  Perform Probe Placement T e s t  (Sec. 
6.3.1.7)  and a d j u s t  i f  needed. 

6. Troubleshoot  p e r  A i r  Detec tor  
M i l l i v o l t  E r r o r s  (Sec. 6.2 .3) .  

a .2.16 60 Bypa88 Valve F a i l u r e  

Perform t h e  Pump Bypass Valve tes t  (Sec. 6.3.1.10).  Contact  NOVA Technica l  
Se rv ice  i f  t h e  va lve  is de fec t ive .  

6.2.17 70 H c t  *Calculation E r r o r  

The sodium concen t r a t ion  of t h e  sample (used  i n  c a l c u l a t i n g  hematoc r i t ) ,  is 
o u t s i d e  a l lowable  range because o f  h igh  sample c o n c e n t r a t i o n  o r  sodium e r r o r .  

6.2.18 LO Program Logic,  20 Control Tab le ,  30 Math, 40 Sampler On, 50 A i r  
Program, 99 VTIM E r r o r s  

I f  e r r o r  code 4 0 ,  SAMPLER ON, o c c u r s ,  t h e  sampler  h a s  n o t  r e tu rned  t o  the  home 
p o s i t i o n  i n  t h e  t i m e  allowed. Repeat t h e  o p e r a t i o n  t h a t  caused t h e  e r r o r  
code, I f  t h e  code r e c u r s ,  c o n t a c t  Techn ica l  Serv ice .  

, 

For t h e  o t h e r  e r r o r  codes ,  c o n t a c t  Techn ica l  Se rv ice  . 
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.. . 

6.2 . 19 
To e l i m i n a t e  a Sys tem E r r o r  Code, p r e s s  0 and t h e  e r r o r  code w i l l  d i s appea r  
from the  screen.  
screen.  An A4 o r  A5 (AB Temp. Too High/Low) e r r o r  code w i l l  occur during nor- 
m a l  ope ra t ion .  
c o n t i n u a l l y  r eappea r s ,  c o n t a c t  NOVA Technical  Se rv ice  . 

Sys t e m  E r r o r s  

If t h e  e r r o r  code is dF tec t ed  a g a i n  i t  w i l l  reappear  on the  

I f  any System e r r o r  code ( o t h e r  t han  r o u t i n e  A4 o r  A5 codes) 

6.2.20 Unacceptable Resu l t s  on Aqueous Con t ro l s  - N a ,  K, Ca*, pH 

P o s s i b l e  Cause: C o r r e c t i v e  Procedure: 

1. A i r  bubbles i n  Flow Cel l  a t  1. Perform a Flow C e l l  cond i t ion ing  

2. Press CAL ENTER t o  r e c a l i b r a t e .  
t h e  e l e c t r o d e  t i p  c y c l e  (Sec. 5.4.3). 

range l i m i t s .  
2. C a l i b r a t i o n  p o i n t s  approaching -’ - 
3. Unconditioned E lec t rode  3. Condition as. follows: 

- N a  - Perform cond i t ion ing  cyc le  
(See. 5.4.7). 

K ,  Caw, pH- Condition p e r  - -  
precond i t ion ing  ins t t u c  t i o n s  
(Sec. 5.4.7). 

1. F a u l t y  washer 4. Replace washer (Sec. 5.4.7) 
5 .  F a i l i n g  e l e c t r o d e  5 .  Replace and p recond i t ion  e l e c t r o d e  

6. Worn W/R segments 6. Replace W/R segments (Sec. 5.4.11). 
7 . Blocked Reference E lec t rode  7. Flush the  Reference E lec t rode  (Sec. 

5.4.6). 
8 . Contaminated Reagent Pack 8. Replace the  Reagent Pack (Sec. 

5 .4.15). 
9. Contaminated Aqueous Con t ro l s  9. V i s u a l l y  check f o r  s i g n s  of  bacte- 

rial growth. Do not  use if turbid 
o r  d i s c o l o r e d  . 

(Sec 5.4.7). 
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2.21 Unacceptable R e s u l t s  on Aqueous Con t ro l s  -- PC%, PO2 a o s s i b l e  Cause: C o r r e c t i v e  Procedure: 

1. I n c o r r e c t  'Cal Gas v a l u e s  1. S e t  c o r r e c t  gas va lues  (Sec. 5.1.8). 
2. A i r  bubbles i n  Flow Cel l  a t  2.  Perform a Flow C e l l  cond i t ion ing  

3. A i r  bubble i n s i d e  e l e c t r o d e  3. Remove t h e  e l e c t r o d e  and with a 
w r i s  t-snapping motion shake t h e  
e l e c t r o d e  down, moving bubbles  to 
t h e  back o f  t he  e l e c t r o d e  . 

t h e  e l e c t r o d e  t i p  c y c l e  (Sec. 5.4.3). 

4. Cor rec t  a s  fol lows:  4. Low E l e c t r o l y t e  S o l u t i o n  

pco2 - r e f i l l  ( r e f e r  to  Sec. 

po2 - reme.mbrane (Sec. 5.4.9). 

5 .  F a u l t y  washer 5 .  Replace washer (Secs.  5.4.3 & 9 )  
6.  Press CAL, ENTER t o  r e c a l i b r a t e .  6 .  C a l i b r a t i o n  p o i n t s  approaching 

7 . Unconditioned e l e c t r o d e  7. Condition a s  follows: 

5.4.8). 

-- 
range l i m i t s .  

8. F a i l i n g  e l e c t r o d e  

9. Contaminated Aqueous Con t ro l s  

PC02 - Condition p e r  condi- 
t i o n i n g  i n s t r u c t i o n s  
(Sec. 5.4.8). 

number is l e s s  t han  - 7 ,  
p o l i s h  i n  a d d i t i o n  t o  
p recond i t ion ing  (Sec.  
5.4.9). 

PO2 -. I f  s l o p e  performance 

8. Replace and c o n d i t i o n  e l e c t r o d e  
(PC02 - Sec. 5.4.8, PO2 - Sec. 
5 .4.9) . 

9. V i s u a l l y  check f o r  s i g n s  of bacte- 
r i a l  growth. Do not use  if t u r b i d  
or d i s c o l o r e d  . 

6.2.22 Unacceptable Resu l t s  on Aqueous Con t ro l s  - H c t  

P o s s i b l e  Cause: Corr ec t i v e  P r  oce dure : 

1. Protein-coated A i r  Detectors  1. A s p i r a t e  Cleaning S o l u t i o n  

2. I n c o r r e c t  Na value 2. Perform the Unacceptable R e s u l t s  on 
(Sec.5.4.1). 

Aqueous Controls  -- Na, K ,  Ca*, 
. pH t roub leshoo t ing  procedure (Sec. 

6 .2 .20 ) .  . Contaminated Aqueous Con t ro l s  3. V i s u a l l y  check f o r  s i g n s  of bacte-  
r i a l  growth. Do no t  use i f  t u r b i d  
or d i sco lo red .  
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Serv ice  Menu 

The Service menu c o n t a i n s  s c r e e n s  to:  

Manually o p e r a t e  t h e  mechanical subassemblies o f  t h e  in s t rumen t  
Obtain temperature  information and m i l l i v o l t  i n fo rma t ion  f o r  

Troubleshoot  t h e  instrument  
a l l  e l e c t r o d e  and ana log  channels 

Access t h e  S e r v i c e  menu as follows: 

1. From t h e  READY FOR ANALYSIS s c r e e n ,  p re s s  - MENU t o  access  t h e  M A I N  MENU 

2, Press 3, a c c e s s i n g  t h e  w 

screen.  

SERVICE MENU sc reen .  
3. See S e c t i o n s  6.3.1 t o  SERVICE MENU- 

6.3.8 t o  perform the ap- 
p r o p r i a t e  s e r v i c i n g .  I f  
you wish t o  e x i t  any ser- 
v i c e  f u n c t i o n ,  p r e s s  CLEAR 
t o  r e t u r n  t o  t h e  SERVICE 
MENU screen.  P r e s s  CLEAR 
a g a i n  t o  re t u r n  t o  t h e  
WIN MENU sc reen .  P r e s s  
CLEAR once more t o  r e t u r n  
t o  READY (NOT READY) FOR 
ANALYSIS sc reen .  

- 

1 System l e s t  
2 Analog Input S u b s y s t m  
3 lenperrturr  Control S u b s r s t n  
4 
5 E l e c t r o l r t r r  Subsrstm 
6 A i r  D e t e c t o r s  * Hct Subsystem 
7 Printer  Subsystem 
e C a u n i c r t i o n s  Subsystem 

Blood 6aS pH Subsystem 

Press  CLEAR t o  E x i t .  

SERVICE MENU 

6.3.1 System T e s t  

The System T e s t  s c r e e n s  a re  used t o  t es t  t h e  e l e c t r o d e  and mechanical sub- 
systems of  the  STAT PROFILE 1. Following an exp lana t ion  o f  how t o  access the  
Subsystem T e s t  s c r e e n s ,  S e c t i o n s  6.3.1.1 - 6.3.1.10 e x p l a i n  how t o  u s e  t h e  
sc reen  func t ions  i n  t h e  e l e c t r o d e  and mechanical subsys t e m  tes ts .  

NOTE: Accessing f u n c t i o n s  i n  t h e  System Test  s c reens  w i l l  c ause  
a 30 minute f l u s h  or a u t o c a l i b r a t i o n  c y c l e  delay.  Re in i t -  
i a l i z i n g  t h e  accessed f u n c t i o n s ,  or e x i t i n g  the  system t e s t  
s c r e e n s ,  w i l l  c a n c e l  t h e  delay.  Th i s  30 minute c y c l e  d e l a y  
f e a t u r e  is used d u r i n g  maintenance t o  s t o p  unwanted f l u i d  
and gas flow. 
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.1.1 System T e s t  Funct ions  

t h e  System Tes t  s c reens  as  follows: 

1. 

.. /, 

From t h e  SERVICE MENU, 
pres s  1 t o  access t h e  Sys- 
t e m  Teyt  1 screen .  The 
SYSTEM TEST 1 sc reen  d i s -  
p lays  m u l t i p l e  m i l l i v o l t  
r ead ings  f o r  e l e c t r o d e s  
and a i r  d e t e c t o r s  a t  t h e  
top o f  t h e  s c r e e n ,  i n  ad- 
d i t i o n  to  d i s p l a y i n g  the  
system t e s t  func t ions .  

2 .  To monitor  a s i n g l e  ana log  
channel  cont inuous ly ,  t h e  
Sys t e m  T e s t  Screen ex is t s  
in a second form. The 
SYSTEM TEST 2 s c r e e n ,  
which is accessed  from the  
SYSTEM TEST 1 s c r e e n ,  d i s -  
p l ays  mV readings  from 1 
of  32 channels .  Press 1 
to  change t h e  m i l l i v o l t -  
d i s p l a y  t o  t h e  SYSTEM TEST 
2 screen, as shown below. 

VER 2 REV 10 SYsm TEST M I  

pw - 044.08 ~ a +  -00e .s~  402 *o016.60 
PC02 -0116.90 Kt -011.89 A03 -0003.90 
PO2 074.17 Ca** -023.04 8P *0761.80 

1 M i l l i v o l t  Oisplav H u l t i o l ~  Sing le 
2 PCOl Mfnbrane Oif On 
3 PO2 Cain L a  
4 A i r  O s c i l l a t o r s  O-Off 
s h n p  9 - O f f  
6 Sampler P o s i t i o n  0 
7 Valve Pos i t i on  1 

Press CLEAR t o  En i t .  

Slnm TEST a2 Ver I Rev 0 

QlaEHRl - 008.61 

Press ENTER t o  4dvance Channel Nvmber. 

1 M i l l i v o l t  Oisp lay M u l t i p l e  
2 PCOz Mmbrane pff On 
3 PO2 Cain L a  nl 
4 A i r  O s c i l l a t o r s  O-Of( s Pump o-o(( 
6 Sampler P o s i t i o n  Q 
7 Valve P o s i t i o n  1 
8 Cas 0-0(1 
9 Pump Bypass Valve llpup 0p.m 

Press CLEAR t o  E x i t .  

To move to  h ighe r  channel  numbers, press ENTER repea ted ly .  To aove t o  
lower channel  numbers , press  r epea ted ly .  

3. Perform t h e  a p p r o p r i a t e  subsystem tes t  a s  i n  Sec t ion  6.3.1.2 - 6.3.1.19. 
4. To e x i t  t he  SYSTEM TEST s c r e e n s ,  press CLEAR t o  r e t u r n  t o  the  S E R V I C E  

MENU screen .  Press CLEAR a g a i n  t o  r e t u r n  t o  the  MAIN MENU screen .  
Press CLEAR once more to  r e t u r n  t o  READY ( R O T  READY) FOR ANALYSIS 
s cre en. 
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6.3.1.2 Shor t ing  S t r a p  T e s t  

The Shor t ing  S t r a p  T e s t  h e l p s  t o  d i s t i n g u i s h  an e l e c t r o d e  problem as e i t h e r  a 

$ 

CAUTION: Do no t  p lug  t h e  Shor t ing  S t r a p  i n t o  t h e  PO2 s o c k e t ;  
damage w i l l  occur.  

- 

system e l ec . t ron ic s  o r  e l e c t r o d e  problem. 

1. Open t h e  Analyzer Compartment door. 
2. Disconnect t h e  e l e c t r o d e  and Flow C e l l  c ab le s  from the  E lec t rode  Rack 

a s s  emb l y  . 

Shor t  i ng 
/ S t r a p  

Rack 

F igure  6.1 P lacemen t o f  Shor t ing  S t r a p  

3.  Plug t h e  s h o r t i n g  s t r a p  i n t o  t h e  E lec t rode  Rack assembly a s  shown i n  
Figure 6.1. 

4. Press -- CAL,  ENTER, Ignore  a l l  e r r o r  codes,  except  f o r  i n s t a b i l i t y  
codes. I f  any of t h e s e  e r r o r  codes a re  d i s p l a y e d ,  c o n t a c t  Technica l  
Service.  

-2.0 and +2.0 rnV f o r  Na, K ,  Cafe, pH, and PC02. 
a r e  o u t s i d e  t h i s  range,  c o n t a c t  Technica l  Service.  

t o  t he  E l e c  t rode  Rack as semb l y  . 

5. The m i l l i v o l t  r ead ings  a t  t h e  top  o f  t h e  sc reen  should s t a y  between 
I €  any r ead ings  

6. Unplug t h e  s h o r t i n g  s t r a p ,  Connect t h e  e l e c t r o d e  and flow c e l l  c a b l e s  

7 .  Wait f i v e  minutes then p r e s s  E, ENTER, 
is Einished,  press CALI ENTER again.  

Af te r  the  f i r s t  c a l i b r a t i o n  

0 
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PC02 Membrane T e s t  

checks f o r  l e a k s  i n  t h e  PCO2 membrane. The mV reading  a c r o s s  t h e  
membrane w i l l  i d e n t i f y  t h e  presence o f  a leak.  

1. P r e s s  HENU, 3, 1, 5, 1, 2, 
2.  A f t e r  5 seconds p r e s s  2, g, 5, 0 t o  s t o p  a s p i r a t i o n .  
3. Press 1, access ing  the  System T e s t  2 sc reen .  
4. Press ENTER or . r e p e a t e d l y  t o  move t h e  m i l l i v o l t  d i s p l a y  t o  channel  10. 
5 .  With the  f l u i d  Yn the  flow pa th ,  observe channel  10 f o r  t h e  membrane 

vo l t age  va lue  ( t h e  membrane d e t e c t o r  is Off ) .  Note t h i s  va lue .  
6. P r e s s  2 ,  t u rn ing  the  membrane d e t e c t o r  On and observe the  membrane 

vol tage .  
m i l l i v o l t s .  I f  t h e  d i f f e r e n c e  is less than 100 mV, t h e  membrane is not  
Leaking (do n o t  con t inue  w i t h  S teps  7 & 8) .  I f  t h e  d i f f e r e n c e  is  
g r e a t e r  than 100 m i l l i v o l t s ,  con t inue  wi th  S t e p  7. 

7. Remove t h e  e l e c t r o d e  and d r y  t h e  washer,  Flow Cel l  chamber, and e l ec -  
t rode  (be ing  c a r e f u l  no t  t o  touch t h e  membrane). Press  2 t o  tu rn  the  
membrane d e t e c t o r  Off and r e p e a t  s t e p s  4 - 7. 
s t i l l  g r e a t e r  than  100 m i l l i v o l t s ,  cont inue  wi th  S t e p  8. 

t o  v e r i f y  membrane i n t e g r i t y .  

t o  a s p i r a t e  f l u s h  s o l u t i o n  i n t o  t h e  flow 
pa th  . 

The a b s o l u t e  va lue  d i f f e r e n c e  from Off should be  wi th in  100 

I f  t h e  d iTference  is  

8.  Remove t h e  e l e c t r o d e  and remembrane pe r  Sec t ion  5.4.7. Repeat t h e  t es t  

3.1.4 Po;! Gain 6 Gain,  func t ion  - 3 i n  t h e  System T e s t  s c r e e n s ,  i s  f o r  s e r v i c e  / 

r e p r e s e n t a t i v e  use.  I t  is  a l s o  used as a convenient  System T e s t  func t ion  f o r  
d e l a y i n g  f l u s h  and a u t o c a l i b r a t i o n  c y c l e s  (See  no te ,  Sec. 6.3.1). 

6.3.1.5 A i r  Osc i l la tor  and A i r  Detector T e s t  

By tu rn ing  the  A i r  O s c i l l a t o r s  on and o f f ,  you can de termine  i f  t h e r e  is  a 
mal func t ion  i n  an A i r  O s c i l l a t o r  c i r c u i t ,  or i f  t h e  A i r  De tec to r s  ( l o c a t e d  i n  
the flow path) have excess  protein coating.  

1. P r e s s  MENU, 3 ,  L, 6 ,  1, 5 ,  4 t o  a s p i r a t e  f l u s h  s o l u t i o n  i n t o  t h e  flow 
path.  
r e t u r n  t h e  probe t o  t h e  home p o s i t i o n .  

- -  - - - -  
A f t e r  about  5 seconds press I, 0, a, 5 t o  shu t  o f f  t he  pump and 

2. Press  4 t o  access  t h e  a i r  o s c i l l a t o r  func t ion .  The o p t i o n s  a re :  - 
0 - Off ( A i r  De tec to r s  Of f )  
1 - Low ( A i r  De tec to r s  2 & 3 On) 
2 - High (Unused A i r  Detec tor  On) 
3 - A l l  ( A l l  A i r  De tec to r s  On) 

3. Note t h e  mV va lues  wi th  the  a i r  d e t e c t o r s  Off .  
4. P re s s  1 to turn  t h e  a i r  d e t e c t o r s  On. 
5 .  The mV-reading i n  t h e  O n p o s i t i o n  should be  less  than 400 m i l l i v o l t s  on 

a l l  a i r  d e t e c t o r s .  If the  m i l l i v o l t s  a r e  g r e a t e r  than t h i s ,  c l ean  t h e  
flow path wi th  Cleaning So lu t ion  per s e c t i o n  5.4.2. 

0 
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6.3.1.6 Pump T e s t  

The pump t e s t  sequence i s  c o n t r o l l e d  by t h e  System tes t  screen.  The pump has  
4 speeds which can  b e  changed manually. 

1. P r e s s  5 ,  d i s p l a y i n g  a l l  5 speeds nex t  t o  t h e  pump func t ion .  (The cur- 
These speeds are: r e n t  s t a t e  o f  t he  pump is  shown b e f o r e  p r e s s i n g  2.) 

0 - Off 
1 - Low 
2 - MLo 
3 - M H i  
4 - High 

' 2. P r e s s  0. The sampler pump should n o t  ope ra t e .  
3. P r e s s  2,L. The pump o p e r a t e s  a t  LOW speed. 
4. P r e s s  - -  5 ,  2. The pump o p e r a t e s  a t  MEDIUM LOW speed. 
5 .  P r e s s  2, 3. The pump o p e r a t e s  a t  MEDIUM speed. 
6. Press  1, 4. The pump o p e r a t e s  a t  H I G H  speed. 
7. P r e s s  0 t o  t u rn  t h e  pump o f f .  

6.3.1.7 Sampler Probe P o s i t i o n  T e s t  

The t e n  Sampler Probe p o s i t i o n s  (F igu re  6.2)  are  monitored by a s o l i d  s t a t e  
o p t i c a l  d e t e c t o r  on t he  Sampler board. 
emitter and an i n f r a r e d  l i g h t  d e t e c t o r .  When a p o s i t i o n  f l a g  b locks  t h e  e m i t -  
t e r / d e t e c t o r  j u n c t i o n ,  t h e  microcomputer i n t e r p r e t s  t h i s  as home p o s i t i o n  .(po- 
s i t i o n  0 )  f o r  t h e  Sampler Probe. A l l  o t h e r  sampler p o s i t i o n s  a r e  then "found" 
by  a s t e p p e r  motor which s t e p s  the  probe t o  t h e  proper pos i t i on .  The System 
T e s t  sampler p o s i t i o n  func t ion  al lows manual c o n t r o l  o f  t h e  sampler from t h e  0 
p o s i t i o n  ( f u l l y  r e t r a c t e d )  through p o s i t i o n  9 ,  t h e  sample a s p i r a t i o n  p o s i t i o n  
( f u l l y  extended).  

The d e t e c t o r  c o n s i s t s  o f  an i n f r a r e d  0 

I CAUTION: Do no t  open or c l o s e  t h e  Analyzer Compartment door 
when t h e  s a m p l e r  probe  is i n  p o s i t i o n  9 .  P r o b e  
damage w i l l  occur.  
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1. 

2. 
3 .  
4. 
5 .  
6 .  
7 .  
8 .  

9. 

10 . 
11. 

... 

@ ::: 

SEPTUM 
ASSEMBLY 

PROBE 
> - -  0 

--1 

POSITIONS 

Figure 6 . 2  Sampler Probe P o s i t i o n s  

- 7  

a - 

P r e s s  6, d i s p l a y i n g  a l l  10 op t ions  n e x t  to the  S a m p l e r  funct ion.  (The 
c u r r e n t  s t a t e  of  the  Sampler is shown b e f o r e  p r e s s i n g  4.) 
P r e s s  0. The Sampler Probe does n o t  move ( G a s  positio;). 
Press 6 ,  1. The Sampler Probe moves DOWN to  p o s i t i o n  1 (F lush ) .  
Press  E, z. The Sampler Probe moves DOWN t o  p o s i t i o n  2 (S td .  C ) .  
P r e s s  4, 2. The Sampler Probe moves DOWN t o  p o s i t i o n  3 (Std.  D). 
Press F, 4. The Sampler Probe moves DOWN t o  p o s i t i o n  4 (Sed. A ) .  
Press 6 ,  5 .  The Sampler Probe moves DOWN t o  p o s i t i o n  5 (S td .  8 ) .  
Press 6 ,  6. The Sampler Probe moves DOWN t o  p o s i t i o n  6 (Probe t i p  i s  
b u r i e d  i n  t h e  bottom septum o f  t he  Septum Assembly). 
P r e s s  6 ,  7. The Sampler Probe moves DOWN t o  p o s i t i o n  7 (Probe t i p  i s  
j u s t  v T s i c l e  i n  the  dep res s ion  a t  t h e  bottom oE t he  Septum Assembly). 
Press 6 ,  8. The Sampler Probe moves DOWN t o  p o s i t i o n  8 (probe t i p  ex- 
tends ?jS-inch ( 9  mm) o u t  o f  s e p t u m . r e t a i n e r .  
Press - -  6 ,  9. The Sampler Probe moves DOWN t o  p o s i t i o n  9 (probe t i p  ex- 
tends 1-1/2 inch (38 mm) o u t  of  septum a s s e m b l y  for satnple a s p i r a t i o n .  
Press - -  6 ,  0 .  The Sampler Probe moves UP to  p o s i t i o n  0 ,  t h e  home posi- 
t ion .  
Perform the  Probe Septum Assembly placement t e s t  as Eollows. 

- -  - -  
- -  
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Probe Placement T e s t  

CAUTION: D o  n o t  open o r  c l o s e  t h e  Analyzer Compartaent door  
when t h e  probe is i n  p o s i t i o n  9. Probe damage w i l l  
occur  . 

t 

- Proper  Probe p o s i t i o n  i n  t h e  Septum Assembly is  c r i t i c a l  f o r  e r r o r - f r e e  re- 
agent  d e l i v e r y  and a n a l y s i s .  Ver i fy  proper  probe p o s i t i o n  a s  fol lows.  

Probe P o s i t i o n  Adjustment 

1. Press 5, 9 from t h e  System T e s t  1 s c r e e n ,  t o  move t h e  probe t o  p o s i t i o n  

2 .  Using a P h i l l i p s  head sc rewdr ive r ,  loosen t h e  screw which ho lds  t h e  
9. 

Sampler Adjustment P l a t e  t o  the  Instrument  ( s e e  F igure  6.3). 

I S Line 

Phil1 ips-Head 

Sampler Adjus 
Plate 

Probe 

Screw 

tmen t 

I 1 Probe Adjustment 
d Tool 

:..igurt? 6.3 Probe Adjus t 'nen t 

3. Advance the  p l a t e  (and the  probe) up o r  down a s  needed, based on t h e  
observed maladjustment.  
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4. Tighten t h e  screw h o l d i n g  t h e  probe -cure. 
5 .  Verify t h a t  t h e  probe t i p  i s  pos i t i oned  between the  2 s t e p s .  

6 .  Press 4, 2 to  r e t u r n  t h e  probe t o  t h e  home pos i t i on .  

I f  posi- 
t i o n i n g  is  u n s a t i s f a c t o r y ,  repeat procedure. 

6.3.1.8 Valve T e s t  

The Pinch Valve c o n t a i n s  4 tub ing  pinch s t a t i o n s  which a re  c o n t r o l l e d  by  a 
motor-driven cam. The  Valve t egu la tas  t h e  flow o f  s t a n d a r d s  A ,  R, C, and D 
froiri t he  Reagent Pack. 
can move t h e  cam i n  t h e  "forward" or t h e  " r eve r se"  d i r e c t i o n .  To a l l o w  for 
t e s t i n g  t h e  Valve i n  b o t h  d i r e c t i o n s ,  t h e  func t ion  numbers 1 through 8 a re  
used to  s p e c i f y  t h e  VaLve p o s i t i o n :  l through 4 s p s c i f y . t h z  corresponding po- 
s i t i o n s  i n  t h e  forward d i r e c t i o n ,  and 5 through 8 s p e c i f y  p o s i t i o n s  l through 
4 i n  t h e  r e v e r s e  d i r e c t i o n .  

Although t h e r e  are  o n l y  4 va lve  p o s i t i o n s ,  t h e  motor 

1. P r e s s  I from t h e  System T e s t  1 s c r e e n ,  d i s p l a y i n g  t h e  8 va lve  o p t i o n s  
( s e e  F igu re  5.4). 

::igure 6 .4 Valve p o s i t i o n s  

2. Press  1. Tine motor does no t  move, and t h e  va lve  s tays  i n  p o s i t i o n  1. 
3 .  Press 7, 2. The motor moves i n  t h e  forward d i r e c t i o n ,  moving t h e  v a l v e  

L .  Press I ,  2. The motor moves i n  t h e  forward d i r e c t i o n ,  moving t h e  va lve  
t o  posTtiZn -2. 

t o  p o s i t i o n  3. 
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4. Press  - 7 ,  4. 
t o  p o s i t i o n  0 5 .  P r e s s  I ,  2. 
t o  p o s i t i o n  

6.  Press 1, 5, 
t o  p o s i t i o n  

7 .  P r e s s  L, I .  
t o  p o s i t i o n  

8. P r e s s  I ,  E. 
t o  p o s i t i o n  

The motor moves 

The motor moves 
4 .  

1. 
The motor moves 

The motor moves 
2. 

The motor moves 
4 .  

i n  the  forward d i r e c t i o n ,  moving the  v a l v e  

i n  t h e  r e v e r s e  d i r e c t i o n ,  moving t h e  va lve  

i n  the  r e v e r s e  

i n  t h e  r e v e r s e  

i n  t h e  r e v e r s e  

9.  Press  7 , 1. The motor move n t h e  forward 
t o  posTtion 1, t h e  i d l e  pos i t i on .  

d i r e c t i o n  , moving t h e  va lve  

d i r e c t i o n ,  moving t h e  va lve  

d i r e c t i o n ,  moving t h e  v a l v e  

i r e c t i o n  , moving t h e  va lve  

6.3.1.9 Gas T e s t  

The Gas func t ion  al lows manual c o n t r o l  o f  t h e  flow o f  C a l  gas  X and Cal gas B 
a t  low, medium, and h i g h  pumping rates .  T e s t  t h e  gas  pump sequence as follows. 

I 1 
CAUTION: The Pump Bypass Valve must always be opened when the  

gas  is manually pumped (S tep  2 below and see 6.3.1.10). 
I f  gas  i s  pumped without  t h e  Pump Bypass Valve open, 
damage can occur.  

1. P r e s s  8 ,  d i s p l a y i n g  t h e  6 flow r a t e s  n e x t  t o  t h e  gas func t ion .  (The 
c u r r e n t  s t a t e  o f  gas flow is shown befo re  p r e s s i n g  - 8).  
o p t i o n s  f o r  Gas are a s  follows: 

The flow r a t e  0 
0 - Off 
1 - Cal gas  A low 
2 - Cal gas A medium 
3 - C a l  gas A high 
4 - Cal gas  B low 
5 - Cal gas B m e d i u m  
6 - Cal gas  B high 

2 .  Press 9 t o  open t h e  Pump Bypass Valve. 
3. Press z, d i s p l a y i n g  t h e  seven gas  cho ices .  
4. Press  <. 
5 .  Press g, 1. 
6. P r e s s  z, - -  2. 

7.  P r e s s  - -  8 ,  3. 
8. Press  - -  8 ,  4.  
9. Press E, I. 

The gas should be o f f .  
Gas A should bubble through t h e  h u m i d i f i e r  a t  a slow r a t e .  
Gas A should bubble through the  humidi f ie r  a t  a medium 

Gas A should bubble through t h e  h u m i d i f i e r  a t  a f a s t  ra te .  
Gas B should bubble through the  h u m i d i f i e r  a t  a slow r a t e .  
Gas B should bubble through t h e  h u m i d i f i e r  a t  a medium 

rate .  

rate.  
LO. P r e s s  8 ,  6. Gas B should bubble through the  h u m i d i f i e r  a t  a f a s t  r a t e .  
11. P res s  8 ,  0 t o  shu t  o f €  the  gas. 
12. P r e s s  7 - to c l o s e  t h e  Pump Bypass Valve: 

- -  
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6.3.2 Subsystem T e s t  Analog Inpu t  

Th i s  screen d i s p l a y s  24 analog channels of r e a l  t i m e  mV a c t i v i t y  (Channel 
2 1  cont inuously c y c l e s  through 4 oE i t s  8 a v a i l a b l e  chanrlels!. 
channels a r e  u s e f u l  f o r  advanced t roubleshoot ing.  

4c1:ess t he  analog inpu t  a s  follows: 

Thest  

1. From t h e  Se rv ice  Menu, 
Press 2 ,  a c c e s s i n g  the  

PIJT screen.  

t o  r e t u r n  t o  the READY FOR 
ANALYSIS screen.  

SUBSYSTEM TEST ANALOG IN- 

2. Press  CLEAR, CLEAR, CLEAR --- 
SUBSYSTM TEST *LOG INPUT 

thrnnrl fhrnnrl - nv 
0 *OOO .04 12 -0001.40 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  

-1 39.79 
-0 17.39 
*ooo. 1s 
*009.80 
*069.74 
-0261 A0 

*058.18 
40494.80 
*0669. BO' 
*IO1 I .70 
-001 4 .OO 

13 
14 
15 
16 

: I 7 
18 
I9 
20 
21 .o 
22 
23 

Prrrr CLEaR to Ex i t  

17 Srp 85 13136151 

*0?75.20 
6 IUO.15 - 100.16 
*0021.60 
*0036.10 

*0052.70 
*OUO4.00 
-0034.50 
*0022.10 
D02.09 

-0004.8~ 

SUBSYSTEM TEST ANALOG LNPTJT 

6.3.2.1 Po2 Membrane T e s t  

This  tes t  checks t h e  P0.L membrane f o r  c u r r e n t  leakage. It is  h e l p f u l  for 
diagnosing PO2 problems. 

1. 

2. 

3 .  

4. 

5 .  

From t h e  Se rv ice  Menu, Press - 2 ,  access ing  t h e  SUBSYSTM TEST ANALOG 
INPUT screen. 
Observe t h e  m i l l i v o l t  r ead ing  on analog channel 8. This  is t h e  i n p u t  
voltage for the oxygen electrode.  
Observe t h e  m i l l i v o l t  r ead ing  on analog channel 9.  This is the ou tpu t  
vo l t agz  fo r  t h e  oxygen e l e c t r o d e .  
The observed m i l l i v o l t  reading on analog channel 8 should be no 
g r e a t e r  than 50 i i l iLlivolts above cliarlneL 9. I f  i t  is g r e a t e r ,  a 
c u r r e n t  leakage i s  occur r ing  wi th in  the  e l e c t r o d e .  
I €  e l a c t r a d e  Ea i l s  the tes t ,  remove the  e l e c t r o d e ,  c l e a n  t h e  Flow C e L l  
chamber, and remembtane t h e  e l e c t r o d e .  
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Subsystem T e s t  Temperature Control . 

s screen allows you t o  observe instrument temperature readings. I t  i s  used 
by the serv ice  representative for system diagnostics .  
temperature a s  follows : 

Observe the instrument 

1. From the Service Menu, f T 

press 2, access ing  the 
SUBSYSTEM TEST TEMPERATURE 
CONTROL screen. 

screen.  
2 .  Press CLEAR t o  leave t h i s  

UIBMSTM TEST TEMPERATURE CONTROL 

A i r  Bath P r e h e i t e r  

TW? 37.0 OC 37.1 OC 

Therm. -0000.00 lw *0020.10 nv 
Current + S47.88 mu - 71.79 IN 

mc 138 122 
I 

CTLR O t f  - @ O f f  

Press CLEAR t o  E x i t .  

24 Sep 85 08143rOS 

SUBSYSTEM TEST TEMPERATURE CONTROL 
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6.3.4 Subsystem T e s t  Blood Gases + pR 

WBSYSTDI TEST BLOOD GASES pH press 5, access ing  t h e  
SUBSYSTEM TEST BLOOD GASES 

WStd A 
U U  
* l O . I  

t 127.4 0.4 + 111.3 1.3 t 9.3 s c r e e n  . - 4.0 0.0 - 244.1 0.0 - 4.0 

+ pH screen. - *Ju 2Lu  - 21.4 0.4 - s3.3 0.4 2. P r e s s  CLEAR t o  l e a v e  t h i s  *H 

This  sc reen  al lows you t o  check: 

S t a b i l i t y  o f  t h e  Po;!, PC02, and pH e l e c t r o d e  readings 
du r ing  a n a l y s i s  and c a l i b r a t i o n  as  shown by the S t a b i l i t y  
(S tab )  Factors .  S i g n i f i c a n t  i n c r e a s e s  i n  t h e  f a c t o r s  
(towards t h e  h igh  s i n g l e  numbers) i n d i c a t e  t h a t  e l e c t r o d e  
maintenance is  needed. 

a n a l y s i s  . M i l l i v o l t  readings f o r  the l a s t  c a l i b r a t i o n  and t h e  1as.t 

D r i f t  from t h e  c a l i b r a t i o n  va lue .  
Resu l t s  (Conc) o f  t h e  l a s t  a n a l y s i s .  
Slope Performance Numbers f o r  t he  l a s t  c a l i b r a t i o n .  
The Slope Performance L i m i t s  a r e  as Table 6.3: 

Table 6.3 Blood Gases and pH Slope Performance Number L i m i t s  

PO2 -2.0 - -7.0 

0 This  s c r e e n  is u s e f u l  €or  diagnosing a poorly performing e l e c t r o d e .  Access 
t h i s  s c r e e n  as follows: 

Pcu 91.9 0.9 t 110.1 e.3 18.Y 

Po2 - 228.4 0.0 - 231.S 0.0 

i 
SUBSYSTEM TEST BLOOD GASES + pH 
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Subsystem T e s t  E l e c t r o l y t e s  

is sc reen  is u s e f u l  f o r  diagnosing a poorly performing e l e c t r o d e ,  a l lowing  
~ 

you t o  check: 

S t a b i l i t y  of  Na, K ,  and Ca* e l e c t r o d e  r ead ings  dur ing  
a n a l y s i s  and c a l i b r a t i o n  as shown by t h e  S t a b i l i t y  (S tab)  
Factors .  S i g n i f i c a n t  i nc reases  i n  the  f a c t o r s  (towards 
t h e  h igh  s i n g l e  numbers) i n d i c a t e  t h a t  e l e c t r o d e  mainte- 
nance i s  needed. 
M i l l i v o l t  read ings  f o r  t he  l a s t  c a l i b r a t i o n  and t h e  l a s t  
a n a l y s i s  . 
D r i f t  from t h e  c a l i b r a t i o n  value.  
Resu l t s  (Conc) o f  t h e  l a s t  a n a l y s i s .  
Slope Performance Numbers f o r  the  l a s t  c a l i b r a t i o n .  
The Slope Performance L i m i t s  a r e  as Tab le  6.4: 

Table  6.4 E l e c t r o l y t e  Slope Performance Number L i r n i i s  

Na 9.0 - 10.7 

K 8.8 - 10.9 

Ca* 8.9  - 11.6 

Access t h i s  s c reen  as fol lows:  

1. From the  Serv ice  Menu, * 
pres s  5, access ing  t h e  
SUBSYSTEM TEST ELECTRO- 
LYTES screen. 

SUESYSTEH TEST amRomEs 

Std-0 Std-C 
SLner - - 10.3 - 14.3 * 9.4 

A y r p  2. Press  CCEAR t o  leave t h i s  - 2&.0 0.4 
28.8 0.4 - 11.9 3.4 *10.1 
2.5 0.5 - Sa9 3.5 * I 1  .o 

S ~ D  1 e ftd-C 
€Q!x 

MI - 29.1 0.4 - 1 1 . 1  0 .1  1.91 
Cat* - 1 3 3  0.4 - s . 9  1.0 0.54 

N1+ - 11.4 3.0 - - 6.7 Ilrp 1.0 11s.2 
n v w  

Cress CLEAR to E i i t .  

I8 Jun 85 9157122 

.. . 

SUBSYSTEM TEST ELECTROLYTES 
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6.3.6 

This  sc reen  i s  u s e f u l  f o r  diagnosing a poorly performing a i r  d e t e c t o r ,  allow- 
ing you to  check: 

Subsystem T e s t  A i r  De tec to r s  + H c t  

A i r  d e t e c t o r  m i l l i v o l t  d i f f e r e n c e s  on c a l i b r a t i o n .  
M i l l i v o l t  r ead ings  f o r  t he  l a s t  c a l i b r a t i o n  and t h e  l a s t  
a n a l y s i s  f o r  t h e  H c t  Impedance e l e c t r o d e .  
S t a b i l i t y  of t h e  H c t  Impedance e l e c t r o d e  both on l a s t  
a n a l y s i s  and l a s t  c a l i b r a t i o n  as  shown by the  S t a b i l i t y  
(S tab )  Factor .  A s i g n i f i c a n t  i nc rease  i n  t h e  f a c t o r  ( to -  
wards t h e  h i g h  s i n g l e  numbers) i n d i c a t e s  t h a t  e l e c t r o d e  
maintenance i s  needed. 

e l e c t r o d e  . D r i f t  from t h e  c a l i b r a t i o n  va lue  f o r  the Hct Impedance 

Resu l t s  (Conc) o f  t h e  l a s t  a n a l y s i s .  
Slope: Performance Numbers f o r  t he  l a s t  c a l i b r a t i o n .  
The Slope Performance L i m i t s  a r e  as Table  6 . 5 :  

Table 6 .5  Hematocrit Slope Performance Number L i m i t s  

H c t  45.0 - 98.0 

0 Access t h i s  screen as fol lows : 

1. From the Se rv ice  Menu, 
p re s s  5, access ing  t h e  
SUBSYSTEM TEST AIR 
DETECTORS + Hct sc reen .  

2. Press  CLEAR t o  leave t h i s  
screen.  
- 

SUESTSTM TEST A I R  O ~ E C T O R S  + net 

S t d-B 
* 70.1 

AD3 t 314.3 t 273.0 t 41.3 

s16-c 
A02 t I94.S t 124.4 

Std-B Std-C u 
t 44.4 

nuu 
Hct t314.3 0.4 *273.0 0.4 

has 
A03 

Hct r270.2 0.0 t272.9 0.5 48 
nuu 

Press CLEfaAR to E x i t .  
18 Jun 8S ?iSlt22 
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Subsystem T e s t  P r i n t e r  

s c reen  allows: 

SUBSYSTEM TEST PRINTER 
Screen. 

2 .  Press 1 - 4 t o  i n c r e a s e  o r  
decreas'e the p r i n t  dark- 
ness .  

p r i n t o u t  p a t  t e r n  showing 

0 
3. Press  2 t o  perform a 

Manual adjustment  of  t he  p r i n t  darkness  
T e s t i n g  o f  p r in thead  func t ion  
Set-Up Parameter p r i n t o u t  
System Parameter p r i n t o u t  
Terminat ion o f  a lengthy p r i n t o u t  

SUBSYSTEM TEST PRIMER 

P r i n t  D e n r i t r  DAC Value: 127 

1 Add 1 t o  DAC 
2 Subtract 1 frab DAC 
3 Add 10 t o  DAC 
4 Subtract 10 f r a  DAC 
S Test Characters 
6 Character Set Test 

The NOVA f ac to ry - se t  v a l u e  o f  127 DAC u n i t s  p r i n t s  medium p r i n  darkness .  In- 
creas ing t h e  DAC va lue  g i v e s  da rke r  p r i n t  b u t  correspondingly dec reases  the  
l i f e  o f  the  pr inthead.  Funct ion 5 ,  T e s t  C h a r a c t e r s ,  p r i n t s  a t e s t  p a t t e r n  
u s e f u l  f o r  p r i n t  darkness  adjustment .  Funct iop 6 ,  Character  Se t  Tes t ,  p r i n t s  
a l l  p o s s i b l e  c h a r a c t e r s .  The Subsystem T e s t  P r i n t e r  s c r e e n ,  f u n c t i o n  7 ,  
causes  a p r i n t o u t  of  a l l  se t  up parameters ,  modes, and values6 The Subsystem 
T e s t  P r i n t e r  s c r e e n ,  f u n c t i o n  8 ,  causes  a System Dump which y i e l d s  a l l  m i l l i -  
v o l t ,  s l o p e ,  set-up, and o t h e r  system parameters.  Function 9 can b e  used t o  
s t o p  any p r i n t i n g  o p e r a t i o n ,  Note t h a t  the  p r i n t e r  has  a 64-character b u f f e r ,  
so p r i n t i n g  may no t  cease immediateiy. 

Access t h i s  s c r e e n  as follows: 

a l l  p o s s i b l e  p r i n t  d o t s ,  
v e r i  fying proper func t ion .  

4. Press 6 t o  o b t a i n  a p r i n t -  
out of-all p o s s i b l e  char- 
ac ters .  

parameter p r i n t o u t  . 5 .  P r e s s  - 7 t o  o b t a i n  a Set-Up 

7 P r i n t  Set-Up Parmeters  
0 Pr in t  System Dump 
9 Abort Pr int-out  

Press  CLEAR t o  E x i t .  

18 Jun BS 2133145 

SUBSYSTEM TEST PRINTER 

*\.I.... 

.. - 

6. Press  8 t o  o b t a i n  a Systein pc in tou t .  
7 .  Press  7 t o  s t o p  any p r i n t i n g .  
8. Press CLEAR t o  leave t h i s  s c reen .  
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6 -3.8 Subsytem T e s t  Communications 

Th i s  s c reen  enab le s  

Manual t r a n s f e r  of  t es t  r e s u l t s  t o  e x t e r n a l  dev ices  
ASCII c h a r a c t e r  t r ansmiss ion  t o  v e r i € y  t r a n s m i t t e r  

End-of-Line de l ay  a d j u s t n e n t s  
f unc t i  on i ng  

T e s t  r e s u l t s  may b e  t r ansmi t t ed  manually a t  any t i m e  a f t e r  t h e  a n a l y s i s  has  
completed and t h e  r e s u l t s  have been displayed.  I f  t h e  Manual Transmit mode 
h a s  been s e l e c t e d  i n  the  S e t  Up menu, t h i s  is  the  only way t o  t r ansmi t  r e s u l t s  
( s e e  Sec t ion  2.2.8). The Transmi t te r  Test and End-of-Line Delay Adjust  func- 
t i o n s  a r e  u s e f u l  €or  s e t t i n g  up and t roub leshoo t ing  communications l i n k s ,  
Note t h a t  once the  End-of-Line Delay has  been determined on t h i s  s c reen ,  t h e  
v a l u e  should be programmed i n t o  the  system as a S e t  Up parameter ( s e e  Sec t ion  
2.2.7) .  For more information on the  Communications Subsystem, see the  S t a t  
P r o f i l e  Communications I n t e r f a c e  Xannal. 

Access t h i s  s c r e e n  as follows: 

1. P r e s s  8, a c c e s s i n g  t h e  
SUBSYSTEM TEST COMMUNICA- 
TIONS screen.  

s u l t s  Tf t h e  l a s t  a n a l y s i s  
t o  an e x t e r n a l  device,  

T ransmi t t e r  T e s t ,  p r i n t i n g  
o u t  an ASCII c h a r a c t e r  
sequence f o r  t r a n s m i t t e r  
v e r i f i c a t i o n .  

end-ofzl ine delay t o  t h e  
requirements o f  t h e  ex- 
ternal device. 

5 .  P r e s s  CLEAR t o  leave t h i s  

2 .  Press 1 t o  t r ansmi t  re- 

3. P r e s s  2. to perform a a 
4. Press 3 - 6 t o  a d j u s t  

I Transmit Last Results 
2 Transmitter Test 

End-of-Line Delay: 0 tenths of srcondf. 
~ 

3 Add 1 t o  Delay 
4 Subtract I from DeIaY 
S Add 10 to Delay 
4 Subtract IO (ran DrIw 

Prrss CLGM to Ex:(. 

13 Jun BS 9:29:01 

SUBSYSTEM TEST COMMUNICATIONS 
screen.  
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7 Reagents and S o l u t i o n s  

This  s e c t i o n  covers  t h e  r eagen t s  and s o l u t i o n s  r equ i r ed  for proaer oper s t ion  
and maintenance of the S t a t  P r o f i l e  1 analyzer .  

7.1 Reagents and S o l u t i o n s  

Reagents and s o l u t i o n s  f o r  t he  S t a t  P r o f i l e  1 a r e  as  fol lows:  

1. 

2 .  
3 .  

4. 

5 .  

6 .  
7 .  

8. 

9 .  

Reagent Pack 
Reference s o l u t i o n  
Standard A 
Standard B 
Standard C 
Standard D 
Flush s o l u t i o n  

?la e l e c t r o d e  cond i t ion ing  s o l u t i o n  
pH/PC02 e l e c t r o d e  cond i t ion ing  s o l u t i o n  

PO2 e l e c t r o l y t e  s o l u t i o n  

PC02 e l e c t r o l y t e  s o l u t i o n  

NOVA Cleaning So lu t ion  
C a l i b r a t i o n  gases 

Standard A 

Standard B 
NOVA S t a t  P r o f i l e  Controls  

Level 1 - Acidosis 
Level 2 - Normal 
Level 3 - Alka los i s  

NOVA S t a t  P r o f i l e  Hematocrit Con t ro l s  
Level 1 - Low Normal 
Level 2 - High Normal 

Use ONLY r e a g e n t s  provided by NOVA Biomedical w i th  the S t a t  P r o f i l e  1. These 
r eagen t s  a r e  formulated and manufactured s p e c i f i c a l l y  f o r  use with NOVA'S 
e l e c t r o d e  technology. Reagents Erom any o t h e r  sou rce ,  though they may appear 
a p p r o p r i a t e  for u s e ,  can con ta in  agen t s  ( p r e s e r v a t i v e s ,  w e t t i n g  a g e n t s ,  
b u f f e r s ,  e t c . )  t h a t  i n t e r f e r e  with S t a t  P r o f i l e  1 e l e c t r o d e  performance. Use 
o f  such r eagen t s  w i l l  void the S t a t  P r o f i l e  1 e l e c t r o d e  warranty.  

NOTE : Refer to the NOVA S t a t  ProEile  Control  i n s e r t  For 
s t o r a g e  requirements Eor t h e s e  c o n t r o l s .  S t o r e  a l l  
o t h e r  NOVA S t a t  P r o f i l e  1 reagen t s  and s o l u t i o n s  a t  
loo t o  30° C.' 
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Reagent Pack 

e compositions of t h e  i n t e r n a l  s t a n d a r d s  a r e  given i n  Table 7.1. 

~~ ~~ ~ 

Table 7 .l I n t e r n a l  Standards Concentrat ion,  mmol/L 

STANDARD Na+ K+ Ca++ PH 

A* 
B* 
C 
D 

-- -- -- 7 -384 -- _- -- 6.840 
140 4.00 . 1 .oo 7.460 

75 20 .oo 2 000 -- 

I n  a d d i t i o n  t o  the Reagent pack r e a g e n t s  and s o l u t i o n s  Listed above, t he  
Reagent Pack has  a se l f - con ta ined  waste b o t t l e  f o r  s a f e  d i s p o s a l  o f  waste. 

7.3 C a l i b r a t i n g  Gases 

NOVA c a l i b r a t i n g  gases  c o n t a i n  mixed gas f o r  c a l i b r a t i n g  the  Po;? and PC02 
e l e c t r o d e s  on the  S t a t  P r o f i l e  1 a n a l y z e r  (see Table 7.2)**. Always check 

gas composition va lues  on newly r ep laced  gas c y l i n d e r s  a g a i n s t  t h e  SET 
IBRATION GASES sc reen  ( S e c t i o n  5.1.8). 

Table 7.2 C a l i b r a t i o n  Gases Composition 

Gas Standard A S p e c i f i e d  Value Accuracy 

Carbon Dioxide 
Oxygen 
Nitrogen 

Gas Standard B 

Carbon Dioxide 
Nitrogen 

+ 0.03 X 
+ 0.03 X 
- 5.0 X 

20.0 x - Balance --- 
S p e c i f i e d  Value 

10.0 X 
Balance 

Accuracy 

+ 0.03 X 
T - 0.03 X 

*Standards A and B a r e  d i r e c t l y  t r a c e a b l e  t o  the  Nat ional  Bureau of Standards 
Buffers  f o r  s t a n d a r d i z a t i o n  o f  pH measurements , c i t e d  a s  f o l  lows. 

Durs t ,  R. A. S t anda rd iza t ion  o f  pH measurements. Standard r e fe rence  
m a t e r i a l s .  P u b l i c a t i o n  PB248 127. Nat ional  Bureau of Standards , National  
Technical  Se rv ice  , 1975 

Tf for any reason NOVA gases  a r e  no t  used,  t he  a l t e r n a t i v e  gases m u s t  be 

should be o f  " C l i n i c a l  Qua l i ty" .  A convenient c y l i n d e r  s i z e  is 52 cm high X 
10.5 cm diameter w i t h  gas a t  2000 P S I .  

6 a tan teed  accu ra t e  t o  w i t h i n  fr 0.03 % of t h e  speciEied value.  T h e  gases  

.>. .*I. 
......I 
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7.4 NOVA S t a t  P r o f i l e  Con t ro l s  

NOVA S t a t  P r o f i l e  Con t ro l s  provide q u a l i t y  c o n t r o l  l e v e l s  f o r  monitor ing 
sodium, potassium, ion ized  calcium, pH, P02, and PC02. 
formulated from a bu f fe red  b i c a r b o n a t e  s o l u t i o n  with a known pH, Na, K ,  and 

. Ca* l e v e l .  The s o l u t i o n s  a re  e q u i l i b r a t e d  with known l e v e l s  o f  oxygen and 
carbon dioxide.  

These c o n t r o l s  a re  

The NOVA S t a t  P r o f i l e  Con t ro l s  are  formulated a t  t h r e e  c l i n i c a l l y  s i g n i f i c a n t  
l eve l s :  

Level 1 - Acidos i s ,  with h igh  e l e c t r o l y t e  va lues  

Level 2 - Normal, with normal e l e c t r o l y t e  v a l u e s .  

Level 3 - A l k a l o s i s ,  with low e l e c t r o l y t e  va lues  

The ampules must b e  s t o r e d  a t  room temperature (20° - 2S0 C )  f o r  a t  l ea s t  
24 hour s  b e f o r e  use. 

CAUTION: The e l e c t r o d e  performance o f  t h e  S t a t  P r o f i l e  1 may be 
a f f e c t e d  by use o f  c o n t r o l s  o t h e r  than NOVA S t a t  P r o f i l e  
Con t ro l s  and CAP Survey samples. 

Analyze t h e  NOVA S t a t  P r o f i l e  Con t ro l s  as follows: 

1. Before opening, shake t h e  ampul for about LO seconds. 
2. Snap open t h e  ampul, p r o t e c t i n g  t h e  f i n g e r s  with t i s s u e  or gloves.  
3. Analyze t h e  l i q u i d  w i t h i n  MINUTE o f  opening t o  p reven t  

4. Refer t o  the  Assay Data Sheet  enclosed with each package f o r  c o n t r o l  
contaminat ion wi th  room a i r ,  and a l t e r a t i o n  o f  s t a t e d  v a l u e s .  

v a l u e s  and ranges.  

7.5 NOVA S t a t  P r o f i l e  Hematocrit  Con t ro l s  

The NOVA S t a t  P r o f i l e  Hematocrit  Con t ro l s  are intended f o r  monitor ing t h e  
performance o f  t h e  hematoc r i t  channel on t he  S t a t  P r o f i l e  1. The c o n t r o l s  are 
e l e c t r o l y t e  s o l u t i o n s  with c o n c e n t r a t i o n s  of t he  a c t i v e  i n g r e d i e n t s  a d j u s t e d  
t o  g i v e  a c o n d u c t i v i t y  s i g n a l  e q u i v a l e n t  t o  a known hematocr i t  va lue  i n  whole 
blood. The c o n t r o l s  are a d j u s t e d  f o r  t he  e f f e c t  o f  sodium c o n c e n t r a t i o n  on 
the  c o n d u c t i v i t y  o f  samples. 

The NOVA S t a t  P r o f i l e  Hematocrit Con t ro l s  are  formulated a t  two c l i n i c a l l y  
s i g n i  f i can  t l e v e l s  : 

Level 1 - Normal, Low va lues  

Level 2 - Normal, High va lues  

Ampuls should be s t o r e d  a t  room temperature.  Avoid f r e e z i n g  or s t o r a g e  above 

7-3 



I CAUTION: The e l e c t r o d e  performance of t he  S t a t  P r o f i l e  1 may S e  
a f f e c t e d  by u s e  of c o n t r o l s  o t h e r  than NOVA S t a t  P r o f i l e  
Hematocrit  Con t r o  1s . 

~~ ~~ ~~~ ~~ ~~ 

Analyze t h e  HEMATOCRIT CONTROLS as follows: 

1. Snap open the ampul, p r o t e c t i n g  the f i n g e r s  with t i s s u e  o r  gloves.  
2 .  Analyze t h e  c o n t r o l .  
3. Refer t o  t h e  Assay Data Sheet enclosed with each package f o r  t he  values  

and ranges o f  t he  c o n t r o l s .  
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a Theory 

This  s e c t i o n .  e x p l a i n s  instrument theory.  

8.1 O r i g i n  of t h e  P o t e n t i a l  Measurement 

To h e l p  understand the  ion exchange phenomena t h a t  occur  a t  t he  membrane of 
t h e  ion  s e l e c t i v e  e l e c t r o d e ,  cons ide r  f i r s t  the ion  exchange t ak ing  p l ace  a t  
t he  s u r f a c e  of a simple permeable membrane, such a s  a d i a l y k i s  membrane, i n  a 
concen t r a t ion  c e l l  between two s a l t  s o l u t i o n s ,  A and B (F igu re  8.1). Because 
s o l u t i o n  B has  a s m a l l e r  concen t r a t ion  of the i o n s  i n  both s o l u t i o n s ,  a con- 
c e n t r a t i o n  g r a d i e n t  i s  s e t  up a t  t he  membrane. 

BEFORE EQUILIBRATION AFTER EQUlLl8RATlON 

SOLUTION 8 
0.04 M NaCl 
0.04 M KCI 

Figure 8.1 I o n i c  Di f fus ion  

The c o n c e n t r a t i o n  g r a d i e n t  c r e a t e s  a d r i v i n g  f o r c e  t o  send ions  i n  s o l u t i o n  
from the c e l l  where they a r e  most concen t r a t ed  a c r o s s  the  membrane t o  the  c e l l  
where they are less concentrated.  This  fo rce  dec reases  as  t h e  concen t r a t ion  
becomes more equa l  on both s ides  of the membrane. 
r e s u l t s  i n  equa l  s a l t  concen t r a t ions  on both s i d e s  o f  t h e  membrane and equal  
r a t e s  o f  mig ra t ion  bo th  ways ac ross  the membrane. 

A t  equal ibr ium, the  r a t i o  of t he  ion concen t r a t ions  i n  t h e  two s o l u t i o n s  is: 

This  e q u i l i b r a t i o n  process 

where s u b s c r i p t s  i and o denote ions on e i t h e r  s i d e  of t h e  membrane. 
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Figure  8 . 2 ,  
ne which can 

the  d i a l y s i s  membrane i s  r ep laced  with an ion - se l ec t ive  mem- 
For purposes o f  d i s c u s s i o n ,  a K+ 

ane i s  used. Th i s  means t h e  membrane can d i f f e r e n t i a t e  potas- 
d i f f e r e n t i a t e  among ions .  

sium i o n s  from a l l  o t h e r  i ons  i n  s o l u t i o n .  As t he  ions  i n  s o l u t i o n s  A and 8 
move abou t ,  t he  K+ i ons  e n t e r  i n t o  t h e  ion - se l ec t ive  s i t e s  on t h e  membrane 
s u r f a c e  and leave  behind the  n e g a t i v e l y  charged C1' ions.  The c h l o r i d e  ions  

0 = SODIUM 
0 = POTASS 
0 =CHLORl 

SOLUTION A SOLUTION A 
0.2 M KCI 0.2 M KCI 

SOLUTION B 
0.05 M NaCl 

SOLUTION B 
0.05 M NaCl 

MEMBRANE POTENTIAL 

BEFORE EQUILIBRATION AFTER EQUILIBRATION 

Figure 8.2 Establ ishment  of  XemSrane P o t e n t i s !  

l i n e  up a d j a c e n t  t o  the  membrane and set  up a p o t e n t i a l  which prevents  f u r t h e r  
movement a c r o s s  t h e  membrane su r face .  A t  e q u i l i b r i u m ,  a p o t e n t i a l  d i f f e r e n c e ,  
o r  membrane p o t e n t i a l ,  is e s t a b l i s h e d  a c r o s s  t h e  membrane. The areas on e i -  
t h e r  s i d e  o f  t h e  membrane can t h e r e f o r e  b e  compared t o  t h e  two poles  of a 
m i n i a t u r e  b a t t e r y  with a v o l t a g e  e q u a l  t o  the  p o t e n t i a l  d i f f e r e n c e  a c r o s s  the  
membrane. The membrane p o t e n t i a l  is dependent on t h e  a c t i v i t i e s  of t he  
potassium ions on e i t h e r  s i d e  of t h e  membrane and w a s  descr ibed by Nernst: 

RT E, = - 1n 2 
nF i 

Equation 2 

where Em is  t h e  membrane p o t e n t i a l ,  a i s  t h e  a c t i v i t y  of  t h e  potassium ion ,  
R ' i s  t h e  u n i v e r s a l  gas c o n s t a n t ,  T i s  t h e  temperature  i n  degrees Kelvin,  F i s  
Faraday's c o n s t a n t  and n is the  charge o f  t he  measured ion: +1 f o r  sodium and 
potassium, -1 f o r  c h l o r i d e .  (The a c t i v i t y  o f  an e l e c t r o l y t e  can be c a l l e d  a 
measure of i ts  " e f f e c t i v e  concen t r a t ion"  i n  s o l u t i o n .  I t  i s  equa l  t o  the  con- 
c e n t r a t i o n  m u l t i p l i e d  by t h e  i o n ' s  a c t i v i t y  c o e f f i c i e n t ,  f ;  t h a t  i s ,  a = f x 
c.  The a c t i v i t y  c o e f f i c i e n t  d e s c r i b e s  an i o n ' s  a b i l i t y  t o  r e a c t  i n  solut ion.)  

t h e n  the  g l a s s  tube i n  Figure 8.2 is f i l l e d  with a s a l t  s o l u t i o n  o f  cons t an t  
composi t ion,  c a l l e d  the  i n t e r n a l  f i l l i n g  s o l u t i o n ,  t he  e l e c t r i c  p o t e n t i a l  o f  
t h e  membrane depends only on the  s o l u t i o n  o u t s i d e  the  membrane a s  follows: 

.. .,. 

.. .. - . 

RT 
nF  Em = Eo + - In a. 
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where Eo is  a c o n s t a n t  t h a t  i nc ludes  a term f o r  a i  t he  a c t i v i t y  o f  the  i o n  
i n  the  IFS. 

We can convert  from the  n a t u r a l  logari thm ( l n )  i n  Equation 3 t o  a base 10 log- 
a r i t h m  and an e q u i v a l e n t  equat ion:  

Equation 4 RT 
Em = E o  + 2.303 - log  a. nF 

In orde r  t o  measure t h e  p o t e n t i a l  on t he  ion  s e l e c t i v e  membrane, a complete 
e l ec t r i ca l  c i r c u i t  is  needed. A t y p i c a l  i o n  s e l e c t i v e  e l e c t r o d e  measuring 
c i r c u i t  is  shown i n  Figure 8.3 .  There are  two e l e c t r o d e s  here:  a r e f e r e n c e  
e l e c t r o d e  and the  ion s e l e c t i v e  e l e c t r o d e .  The p o t e n t i a l  o f  t he  r e f e r e n c e  
e l e c t r o d e  i s  maintained cons t an t ;  t h a t  o f  t h e  ISE v a r i e s ,  depending on t h e  
a c t i v i t y  o f  t he  i o n  o f  i n t e r e s t  i n  the  tes t  s o l u t i o n .  
measure the  p o t e n t i a l  d i f f e r e n c e  between the  i o n  s e l e c t i v e  e l e c t r o d e  and t h e  
r e f e r e n c e  e l e c t r o d e .  

A vo l tme te r  i s  used t o  

REFERENCE 
ELECTRODE \ 

LlOUlDlLlOUlD 
JUNCTION 

ION-SELECTIVE 
ELECTRODE 

/ 
INTERNAL 

ION-SELECTIVE 
'MEMBRANE 

SAMPLE SOLUTION 

Figure 8.3 Elec t rode  Heasuring C i r c u i t  

The p o t e n t i a l  d i f f e r e n c e  o f  t he  e n t i r e  e l e c t r o d e  measuring c i r c u i t ,  
E c e l l ,  i s  equa l  t o  the  a l g e b r a i c  sum o f  t h e  p o t e n t i a l  from t h e  ion 
s e l e c t i v e  e l e c t r o d e ,  Em, t h e  r e f e r e n c e  e l e c t r o d e ,  E,, and the  junc t ion  
p o t e n t i a l ,  E j .  

The j u n c t i o n  p o t e n t i a l  is  t h e  p o t e n t i a l  developed a t  t h e  l i q u i d / l i q u i d  junc- 
t i o n  between the  r e fe rence  e l e c t r o d e  and t h e  t e s t  s o l u t i o n .  The magnitude o f  
t h e  l i q u i d  j u n c t i o n  p o t e n t i a l  which a r i ses  as a r e s u l t  o f  t h e  i n t e r d i f f u s i o n  
o f  t he  ions  a t  the  l i q u i d l l i q u i d  j u n c t i o n  i s  r e l a t i v e l y  inconsequent ia l .  

KL By s e t t i n g  S = 2.303 - and s u b s t i t u t i n g  Equation 4 f o r  E nF m '  0 
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a t i o n  5 can b e  r e w r i t t e n :  

E c e l l  = Eo + S l og  a, - E, - E j  Equation 6 

S is  c a l l e d  the  e l e c t r o d e  s lope .  Under i d e a l  cond i t ions  a t  37O C ,  i t  i s  

a d i v a l e n t  i on  and 61.5 mV f o r  a un iva len t  ion. I t  is the  s l o p e  o f  t h e  l i n e  
obtained by graphing p o t e n t i a l ,  E ,  t h e  log  of  t h e  a c t i v i t y ,  

. t h e o r e t i c a l l y  equal  t o  approximately 30.8 mV per  decade change i n  a c t i v i t y  fo r  

Es td .C - Estd  D 
C 
D 

S =  
log- 

Equat ion 7 

where C is  t h e  a c t i v i t y  o f  Standard C and D is  the a c t i v i t y  of  Standard D. 

When the  unknown a c t i v i t y  o f  t he  ion  o f  i n t e r e s t  is measured i n  a tes t  solu- 
t i o n ,  t h e  po ten t i aL  o f  t h e  test  s o l u t i o n ,  E, i s  compared wi th  t h a t  o f  a 
s t anda rd  s o l u t i o n ,  Estd, i n  which the  a c t i v i t y  o f  t he  ion  o f  i n t e r e s t  is 
known. Nost of  t h e  terms cance l  o u t  as follows: 

E, 

Es td  = Eo + S log  ast- - E, - E j  

Eo + S l og  ax - E, - E j  Equat ion 8 

Equat ion 9 minus 

A E  = s l og  a, - s log  astd = s log  a, 0 as t d  
Equat ion 10 

T h u s ,  the  d i f f e r e n c e  i n  p o t e n t i a l  between the  two s o l u t i o n s ,  E ,  is dependent 
on ly  on the r a t i o  o f  t h e  a c t i v i t y  of  t he  ion  of  i n t e r e s t  i n  t he  t e s t  s o l u t i o n ,  
a,, and the a c t i v i t y  o f  t he  ion  o f  in te res t  i n  the  s t anda rd  s o l u t i o n ,  as td .  

8.2 E lec t rode  C a l i b r a t i o n  

8.2.1 Two-Point C a l i b r a t i o n  

The S t a t  P r o f i l e  1 uses a two-point c a l i b r a t i o n  t o  measure t h e  e l e c t r o d e  s lope  
and v e r i f y  e l e c t r o d e  performance. The Reagent Module and gas c y l i n d e r s  con- 
t a i n  the s t anda rds  which a r e  used f o r  t h i s  purpose. C a l i b r a t i o n  can b e  i n i t i -  
a t e d  manually by press ing  -- CAL, ENTER and is a l s o  i n i t i a t e d  au tomat ica l ly  by 
t h e  system a t  i n t e r v a l s  o f  approximately 2 hours.  

._. .. ., 
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8.2.2 One-Point C a l i b r a t i o n  

E lec t rode  d r i f t  i s  t h e  slow v a r i a t i o n  i n  e l e c t r i c a l  p o t e n t i a l  over  t i m e .  A s  
expressed i n  Equation 10,  the  de te rmina t ion  o f  t h e  a c t i v i t y  f o r  an unknown 
sample i s  dependent on both the  e l e c t r o d e  p o t e n t i a l  generated by t h e  unknown 
and t h a t  generated by the  s t anda rd .  The S t a t  P r o f i l e  1 uses a one-point c a l i -  
b r a t i o n  to  monitor and minimize t h e  e f f e c t  o f  t h e  e l e c t r o d e  d r i f t  on the  ana- 
l y t i c a l  r e s u l t s .  Iil the  SINGLE throughput mode, a one-point c a l i b r a t i o n  with 
Gas A and Standard C is  performed with each a n a l y s i s .  I n  the  NORMAL through- 
p u t  mode, a one-point c a l i b r a t i o n  with Gas A and Standard C i s  performed a t  
approximately 30 minutes as long as samples are  analyzed a t  a r a t e  o f  a t  l e a s t  
one per  15 minutes; i f  over 15 minutes e l a p s e s  wi thout  a sample a n a l y s i s ,  a 
one-point c a l i b r a t i o n  w i l l  au tomat i ca l ly  be performed with t h e  next a n a l y s i s .  
(One-point c a l i b r a t i o n s  can only occur  with an  ana lys i s . )  

An E-Zero o r  Analysis  t o  Analysis  d r i f t  e r r o r  code i s  d i sp layed  when e l e c t r o d e  
d r i f t  i s  beyond the  d r i f t  l i m i t s .  

8.3 P r i n c i p l e s  of Measurement 

8.3.1 Sodium, Potassium, and Ion ized  Calcium 

The e l e c t r o l y t e  e l e c t r o d e s  r e q u i r e  a s e n s i n g  ( i o n - s e l e c t i v e )  membrane, a r e f -  
erence and i n t e r n a l  f i l l i n g  s o l u t i o n .  
f i xed  c o n c e n t r a t i o n  o f  t h e  ion  and t h e  sample provides  a second concen t r a t ion  
o f  ion.  

I n t e r n a l  f i l l i n g  s o l u t i o n  provides a 0 
A s u i t a b l e  e l e c t r o d e  mednbrane is s e l e c t i v e l y  permeable t o  a s i n g l e  ion  o f  in- 
t e res t  i n  the  sample s o l u t i o n .  Th i s  s e l e c t i v e  permeabi l i ty  e s t a b l i s h e s  an 
e l e c t r i c a l  p o t e n t i a l  as t h e  charge a s s o c i a t e d  wi th  t h e  ion  leaves i t s  counter- 
i o n  behind i n  s o l u t i o n .  The magnitude o f  t h i s  e l e c t r i c a l  p o t e n t i a l  i s  de t e r -  
mined by t h e  concen t r a t ion  d i f f e r e n c e  between t h e  two s i d e s  o f  t he  membrane. 

C a l c u l a t i n g  Sample Concentrat ion 

Equation 6 l i n k s  the  v o l t a g e  o f  t h e  c e l l  (E,) t o  t he  a c t i v i t y  o f  t h e  ion. 
A c t i v i t y  is  r e l a t e d  t o  concen t r a t ion  (C) through the  a c t i v i t y  c o e f f i c e n t  i n  
t h e  r e l a t i o n  a = f X C. The a c t i v i t y  c o e f f i c i e n t  is a funct ion of  i o n i c  
s t r e n g t h .  Thus, Equation 6 can b e  r e w r i t t e n  i n  terms of  concen t r a t ion  as f o l -  
lows : 



i l a r i l y ,  Equation 10 i s  r e w r i t t e n :  a 
Equat ion 12 

The i o n i c  s t r e n g t h  o f  whole b lood ,  plasma, and serum tends t o  remain rela- 
t i v e l y  c o n s t a n t  ove r  the  p h y s i o l o g i c a l  range.l  
c o e f f i c i e n t s  o f  sodium, potassium, and calcium can b e  assumed t o  b e  cons t an t .  
The i n t e r n a l  s t a n d a r d s  are  formulated t o  r e f l e c t  t h e  same i o n i c  s t r e n g t h  as  
t h a t  o f  whole blood. 
assumed t o  be equa l  i n  t h e  s t a n d a r d  and sample. The a c t i v i t y  c o e f f i c i e n t  
terms i n  Equation 12 cancel o u t  r e s u l t i n g  in:  

As a r e s u l t ,  t h e  a c t i v i t y  

Therefore ,  a given i o n ' s  a c t i v i t y  c o e f f i c i e n t  can b e  

n 

Equation 13 

By ho ld ing  c s t d  i n  Equat ion 13 c o n s t a n t ,  E i s  dependent on on ly  one v a r i a -  
b l e ,  C,, t h e  c o n c e n t r a t i o n  of t h e  i o n  o f  i n t e r e s t  i n  t he  sample. 
14 can b e  rearranged t o  i s o l a t e  t h i s  v a r i a b l e :  

Equation 
.<I  ....... 

Equation 14 

The S t a t  P r o f i l e  1 microcomputer u ses  Equation 14 t o  c a l c u l a t e  t h e  concen- 
t r a t i o n  o f  sodium, potassium, and calcium ions  i n  t h e  sample. a .2 pH E l e c t r o d e  

P r i n c i p l e  o f  pH Measurement 

pH i s  measured us ing  a hydrogen ion  s e l e c t i v e  g l a s s  membrane. One s i d e  o f  t h e  
g l a s s  is i n  c o n t a c t  with a s o l u t i o n  o f  cons t an t  pH. The o t h e r  s i d e  is  i n  con- 
tact  with s o l u t i o n  o f  unknown pH. A change i n  p o t e n t i a l  develops which i s  
p r o p o r t i o n a l  t o  the  pH d i f f e r e n c e  o f  t hese  s o l u t i o n s .  This  change i n  poten- 
t i a l  is measured a g a i n s t  a re ference  e l e c t r o d e  o f  c o n s t a n t  p o t e n t i a l .  The 
magnitude o f  the  p o t e n t i a l  d i f f e r e n c e  is  a measure, then ,  o f  the  pH o f  t h e  
unknown s o l u t i o n .  

."I.,.... 

D e f i n i t i o n  o f  pH 

The pH i s  def ined as the  n e g a t i v e  logari thm o f  t h e  hydrogen ion a c t i v i t y .  

PH = -log10 aH+ Equat ion 15 

Thus when nega t ive  pH i s  s u b s t i t u t e d  f o r  t he  logari thm o f  t h e  a c t i v i t y  i n  
Equation 10, the  e q u a t i o n  becomes: 
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Equation 16 can b e  r ea r r anged  so t h a t  pH, the  pH o f  t h e  unknown sample, 
can b e  c a l c u l a t e d  by t h e  NOVA S t a t  P r o f i l e  microcomputer u s ing  two c a l i -  0 b r a t i n g  s o l u t i o n s  o f  known pH: 

Ex - E s t d  A 

Slope 
PHx a P b t d  A + 

where: 

Estd A - & t d  B 

PHstd A - PHstd B 
Slope = 

Equat ion 17 

8.3.3 

D e f i n i t i o n  o f  PCO7 

P a r t i a l  P r e s s u r e  o f  Carbon Dioxide (PC%) 

The p a r t i a l  p r e s s u r e  ( t e n s i o n )  o f  carbon dioxide i n  s o l u t i o n  is def ined as 
the p a r t i a l  p r e s s u r e  o f  carbon d iox ide  i n  the  g a s  phase i n  e q u i l i b r i u m  with 
t h e  blood. 

P r i n c i p l e  o f  PCO7 Measurement 

PC02 i s  measured wi th  a modified pH e l e c t r o d e .  
unknown s o l u t i o n  makes c o n t a c t  with a gas permeable s i l i c o n e  membrane mounted 
on a combination measur ingl re ference  e l e c t r a d e .  CO2 d i f f u s e s  a c r o s s  the  
membrane i n t o  a t h i n  l a y e r  o f  e l e c t r o l y t e .  s o l u t i o n  i n  response to  p a r t i a l  
p r e s s u r e  d i f f e r e n c e .  Th i s  s o l u t i o n  then becomes e q u i l i b r a t e d  with t h e  exter- 
n a l  gas  p re s su re .  
a c i d  which r e s u l t s  i n  a change i n  hydrogen ion  a c t i v i t y .  

Carbon d iox ide  i n  t h e  

CO2 i n  t h e  s o l u t i o n  becomes hydrated producing ca rbon ic  0 
CO2 + H20 $ H2CO3 e "+ + H C 0 5  Equat ion 18 

The e l e c t r o l y t e  s o l u t i o n  behind the  membrane is  i n  c o n t a c t  w i t h  a g l a s s  hydro- 
gen ion s e l e c t i v e  e l e c t r o d e .  The change i n  hydrogen ion  a c t i v i t y  i n  t h e  elec- 
t r o l y t e  s o l u t i o n  produces a p o t e n t i a l  which is measured a g a i n s t  t h e  i n t e r n a l  
f i l l i n g  s o l u t i o n .  This change i n  p o t e n t i a l  i s  measured against  t he  c o n s t a n t  
p o t e n t i a l  o f  t h e  r e f e r e n c e  e l e c t r o d e  h a l f  c e l l  and is  e x p o n e n t i a l l y  r e l a t e d  t o  
t h e  PC02 of t h e  unknown sample. 

8.3.4 P a r t i a l  P r e s s u r e  of Oxygen (P%) 

D e f i n i t i o n  o f  PO7 

The pa r t i . a l  p r e s s u r e  ( t e n s i o n )  of  oxygen i n  s o l u t i o n  is de f ined  as t h e  p a r t i a l  
p re s su re  of  oxygen i n  the  gas  phase i n  e q u i l i b r i u m  with t h e  blood. PO2 pro- 
v i d e s  an i n d i c a t i o n  of t he  a v a i l a b i l i t y  of oxygen i n  i n s p i r e d  a i r .  

P r i n c i p l e  o f  PO7 Measurement 

PO2 i s  measured amperometrically by t h e  c r e a t i o n  o f  a c u r r e n t  a t  t h e  elec- 
t rode  s u r f a c e .  As oxygen d i f f u s e s  through a polypropylene membrane, t h e  oxy- 
gen molecules are  reduced a t  the cathode,  consuming 4 e l e c t r o n s  f o r  eve ry  nol-  
e c u l e  o f  oxygen reduced. Th i s  flow o f  e l e c t r o n s  i s  then measured by  t h e  e l ec -  
t rode  and i s  d i r e c t l y  p ropor t iona l  t o  the p a r t i a l  p re s su re  o f  oxygen. 
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.5 Hematocrit 

def ined a s  t h e  percentage o f  red blood c e l l s  t o  t o t a l  blood vol- 
ume, i s  measured by using the  known e l e c t r i c a l  r e s i s t a n c e  of red blood c e l l s  
i n  blood samples. The STAT P r o f i l e  1 measures the  hematocri t  with an imped- 
ance e l e c t r o d e ,  and, a f t e r  account ing f o r  sodium's e l e c t r i c a l  e f f e c t ,  is  c a l -  
cu la t ed  a s  follows: 

1 Hct % f 1 - - x 100 
RCorr 

Equation 19 

where Rporr equalk the  c o r r e c t e d  r e s i s t a n c e  f a c t o r  obtained from a p a r t i c -  
u l a r  sample co r rec t ed  f o r  t he  concen t r a t ion  o f  t h e  sodium. The r e s i s t a n c e  
c o r r e c t i o n  f a c t o r  i s  determined a s  follows: 

Equation 20 

where Rsamp i s  equa l  t o  t h e  a c t u a l  r e s i s t a n c e  of  t he  sample measured a t  t he  
a i r  d e t e c t o r .  

I _. .I .I ., 
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8.4 Calcu la ted  Values 

The STAT P r o f i l e  microcomputer u s e s  t he  measured r e s u l t s  t o  c a l c u l a t e  o t h e r  
c l i n i c a l l y  va luab le  parameters.  Th i s  s e c t i o n  o u t l i n e s  t h e  e q u a t i o n s  used t o  
d e r i v e  these  c a l c u l a t e d  values .  

8.4.1 Temperature C o r r e c t i o n  for Measured Values* 

The S t a t  P r o f i l e  Analyzer a l lows you t o  e n t e r  t h e  p a t i e n t  temperature when 
t h i s  d i f f e r s  from 37O C ,  a s  f o r  example i n  p a t i e n t s  having su rge ry  under 
hypothermia. The pH, PCO2, and Po;! sample v a l u e s ,  a t  t he  p a t i e n t ' s  a c t u a l  
temperature a r e  then c a l c u l a t e d  as follows: 

PH(corrected)  = PH + (- 0.0147 + 0.0065 (7.400 - pH))(T - 37) 

Equation 2 1  

p02 ( c o r r e c  t ed )  

((5.49 X Y + 0.071) 

((9.72 X Y + 2.30) 
PO2 X e t(2.303) (T - 37) X 1 

Equation 23 

where Y = e (3.88 X ln(P02)) 

8.4.2 Calcula ted  Parameters  

Ionized Calcium "Normalized" t o  pH 7.4 

The a c t i v i t y  and c o n c e n t r a t i o n  of i on ized  calcium i n  whole blood,  plasma, and 
serum i s  pH dependant. I n  v i t r o ,  a pH i n c r e a s e  o f  0 .1  u n i t  decreases  the  ion- 
ized calcium l e v e l  by 4 t o  5 % ( conve r se ly ,  a pH dec rease  has  an e q u a l  b u t  
oppos i t e  e f f e c t ) .  On s t a n d i n g  the pH o f  p l a s m a  and serum samples r ises due t o  
the  l o s s  o f  Co;!. The samples o f  cho ice  f o r  ionized calcium de termina t ion  
a re  a n a e r o b i c a l l y  c o l l e c t e d  whole b lood ,  plasma, o r  serum. 

*The equa t ions  a r e  from the NCCLS s t anda rds2 .  
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an anaerobic  sample is  n o t  a v a i l a b l e ,  by measuring the  a c t u a l  pH o f  t h e  
p l e  a t  which the  ion ized  calcium concen t r a t ion  was measured normalized ion- 

calcium can b e  c a l c u l a t e d .  The normalized ion ized  calcium r e p r e s e n t s  
what t h e  ionized calcium c o n c e n t r a t i o n  would have been i f  t h e  i n i t i a l  pH was 
7.40 ( t h e  midpoint o f  the pH r e f e r e n c e  range). The equat ion  used f o r  t h i s  
c a l c u l a t i o n  is: 

l o g  [ c a t + ]  7.4 = 

where 
X = measured 

[c~*]x * 

l o g  [Ca*]X - 0.24 (7.4 - X) Equation 24 

pH of t h e  sample 

ionized calcium concen t r a t ion  i n  t h e  sample a t  t h e  
measured pH. 

normalized concen t r a t ion  of i on ized  .calcium a t  pH 
7 -40 . 

The equa t ion  assumes a normal c o n c e n t r a t i o n  o f  t o t a l  p r o t e i n  and may be used 
f o r  measured v a l u e s  between pH 7.2 and 7.6. Between pH 6.9 and 7.2 and 
between pH 7.6 and 8.0,  modified forms o f  t h e  equa t ion  are used. Normalized 
ion ized  calcium v a l u e s  f o r  samples wi th  pH o u t s i d e  the  range pH 6.9 t o  pH 8.0 
are  n o t  d i sp l ayed  . 
Calcu la t ed  Bicarbonate  Concent ra t ion  (HC*')* 

a rbona te  Concent ra t ion  is c a l c u l a t e d  using the  Henderson-Hasselbalch equa- 

Zquation 25 

where pH and PCO;! are  measured. 

pK = 6.091 

a = 0.0307 = s o l u b i l i t y  c o e f f i c i e n t  o f  C02 i n  plasma a t  37O C 

Rearranging Equat ion 25 g i v e s  

Loglo[HC03 '1 f pH + 10gloPCO2 - 7.604 Equation 26 

T o t a l  Carbon Dioxide Content  (TC02)* 

TCO2 inc ludes  b o t h  d i s s o l v e d  carbon d i o x i d e  and HCOT and is cs l -  
c u l a t e d  a s  follows: 

E q u a t i o n '  27 

ere PC02 is measured and [HCOY] i s  c a l c u l a t e d  from Equation 26 .  

t i o n s  are from the  NCCLS s tandards2. 

< 

--- 

I :$'t.l- ' 
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Hernoglob in  

Calculated hemoglobin i s  based on the  measured hematoc r i t  a s  fol lows:  

Hemoglobin g / d l  = Measured Hematocrit % 3.0 Equation 28 

NOTE: The mmol/L (Hb/4) u n i t  f o r  hemoglobin i s  an S. I. u n i t .  
The c a l c u l a t i o n  is based on a hemoglobin monomer with a 
r e l a t i v e  molecular mass of 16,114. 

Base Excess o f  Blood (BE-B - sometimes c a l l e d  I n  V i t r o  Base Excess)* 

Base excess  of blood i s  de f ined  as t h e  number o f  mil l imoles  of s t r o n g  a c i d  or 
base  needed t o  t i t r a t e  one l i t e r  of blood t o  pH 7.40 a t  37O C while  t h e  
PCO;! i s  h e l d  c o n s t a n t  a t  40 mm Hg. 
follows : 

Base excess of blood i s  c a l c u l a t e d  a s  

BE-B = ( 1 - .014[Hb])([HCOT] - 24 + (1.43[Hb] + 7.7)(pH - 7-41] 

Equation 29 

Standard B ica rbona te  Concentrat ion (SBC) 

The Standard Bicarbonate  is  de f ined  as t h e  b i ca rbona te  c o n c e n t r a t i o n  o f  t he  
plasma of whole blood e q u i l i b r a t e d  t o  a PC02 of 40 mm Hg a t  a temperature  of 
37 O C wi th  t h e  hemoglobin f u l l y  s a t u r a t e d  with oxygen. Standard bicarbon- 0 a te  is c a l c u l a t e d  a s  follows: 

SBC = 24.5 + 0.9Z + Z ( 2 - 8 )(.004 + .00025 [Hb]) Equation 30 

[Hb] = The hemoglobin va lue  which is  measured, manually e n t e r e d ,  o r  is 
i s  t h e  14.3 g/LOO ml d e f a u l t  value 

Base Excess E x t r a c e l l u l a r  F lu id  (BE-ECF)* 

The Base Excess E x t r a c e l l u l a r  f l u i d  i s  a co r rec t ed  form o f  the  Base Excess 
Blood i n  which allowance has  been made f o r  the f a c t  t h a t  blood i s  on ly  approx- 
imately 37% of  t h e  e x t r a c e l l u l a r  f l u i d  volume. Base excess  is c a l c u l a t e d  a s  
follows: 

BE-ECF = [HCO3 '1 - 25 + 16.2 (PH - 7.40) Equation 3 1  

*The equa t ions  a r e  from the NCCLS s tandards2.  
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a s  t h e  amount o f  oxyhemoglobin i n  blood expressed  _ -  
a s  a f r a c t i o n  o f  t he  t o t a l  amount o f  hemoglobin a b l e  t o  b ind  oxygen. I t  i s  
c a l c u l a t e d  a s  follows: 

(PO2')3 + 150 (PO20  
Oxygen S a t u r a t i o n  = x 100 Equat ion 32 

(PO2)3' + 150 (PO20 + 23400 

where 

P02' = PO2 

NOTE : 

X e [2.3026 X (0.48 (pH - 7.4) - 0.0013 ([HCO?] - 25))  

The equa t ion  for c a l c u l a t i n g  oxygen s a t u r a t i o n  assumes 
a normal shape and p o s i t i o n  of  t h e  p a t i e n t ' s  oxygen 
d i s s o c i a t i o n  curve.  

Oxygen Content  (02Ct) - 
Oxygen con ten t  is  def ined  as t h e  t o t a l  amount of  oxygen contained i n  a given 
volume of  whole b lood ,  i nc lud ing  d i s so lved  oxygen and oxygen bound t o  hemo- 
g l o b i n  and i s  u s u a l l y  expressed as m i l l i l i t e r s  of oxygen per  100 m i l l i l i t e r s  
o f  blood. I t  is c a l c u l a t e d  from the  oxygen s a t u r a t i o n  and the  hemoglobin con- 

n t r a t i o n .  Four moles of  oxygen (22,393 ml/mol a t  s t anda rd  temperature  and 
s s u r e )  can combine with 1 mol o f  hemoglobin (64,458'g/mol) so t h a t  oxygen 

p a c i t y  i s  equal  t o  

.' 22'393 = 1.39 m l  o f  02 per  gram o f  Hb Equat ion 33 64,458 

02 sa t 
t h e r e f o r e  0 2 C t  = 1.39[Hb] X - 10 0 Equat ion 34 

O n  the S t a t  Profile 1, Hb can be manua l ly  entered, c a l c u l a t e d  from t h e  measured 
hematoc r i t ,  o r  occur  a s  a d e f a u l t  va lue  o f  14.3 (see Sec t ion  2.2.7). 

.~.. .. . . .  
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9 INSTALLATION 

Th i s  s e c t i o n  covers  t h e  i n s t a l l a t i o n  requirements  and assembly procedures.  

NOTE: The S t a t  P r o f i l e  1 warranty r e q u i r e s  t h e  i n i t i a l  i n s t a l l a t i o n  t o  
be performed by a NOVA s e r v i c e  r e p r e s e n t a t i v e .  

To r e i n s t a l l  an instrument  a l s o  fol low these  gu ide l ines .  

9 . 1 Requirements 

Working Area Requirements 

Do n o t  i n s t a l l  t h e  instrument  above any in s t rumen t ,  a p p a r a t u s ,  e tc .  t h a t  could 
be damaged by f l u i d  from t h e  t h e  s p i l l  tubing l o c a t e d  by t h e - g a s  p o r t s  
cut-out. 
fumes, v i b r a t i o n ,  and e x c e s s i v e  temperature  changes. Ambient o p e r a t i n g  
temperature  is  16O t o  32O C (61° F t o  90° F). 

Keep t h e  working area near t h e  system f r e e  from d i r t ,  c o r r o s i v e  

E lec t r i ca l  Requirements 

A grounded, three-wire r e c e p t a c l e  w i t h i n  5 f ee t  o f  t h e  system i s  r equ i r ed  f o r  
ope ra t ion .  The U.S. models r e q u i r e  a 120 Volt  a. C. l i n e  a t  50 - 60 Hz 
frequency. The ins t rumen t s  can be converted t o  o p e r a t e  a t  d i f f e r e n t  v o l t a g e  
r a t i n g s  . 0 Fuse requirements:  6 Amp SLO-BLO, 4 Amp SLO-BLO a t  120 Vo l t  AC l i n e .  For 
o t h e r  f u s e  requirements  ,- see S e c t i o n  5.4.21. 

Gas C a l i b r a t i n g  Requirements 

The instrument  c a l i b r a t i o n  gas supply compositions are given i n  Sec t ion  7.2. 
For use o f  gas from s u p p l i e r s  o t h e r  than NOVA r e f e r  t o  S e c t i o n  7.2 f o r  c o r r e c t  
c o n c e n t r a t i o n s  and to l e rances .  Each tank r e q u i r e s  a gas  r e g u l a t o r  gauge 
pressure of  approximately 5 2 1 PSIG. 
included w i t h  t h e  accesso ry  pack. 

Regulators for gas cylinders are 

9 .2 I n s  t a l l a t i o n  Procedure 

For maximum e f f i c i e n c y  fol low t h i s  i n s t a l l a t i o n  procedure. 

I .  Connnect t h e  gas  hoses  t o  t h e  instrument  p e r  S e c t i o n  5.4.20. 
2. I n s t a l l  t h e  Septum hssembly p e r  Sec t ion  5.4.13. 
3. I n s t a l l  t h e  W/R Harness p e r  S e c t i o n  5.4.8. 
4.  I n s t a l l  t h e  Septum Harness per Sec t ion  5.4.11. 
5. I n s t a l l  t he  Reagent Harness p e r  Sec t ion  5.4.10. 
6 .  I n s t a l l  t h e  Reagent Pack p e r  Sec t ion  5.4.12. 
7. Connect t h e  power cord t o  t h e  instrument  a t  t he  back of  t h e  instrument  

. then plug t h e  instrument  i n t o  t h e  l i n e  vo l t age .  
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Perform a barometer check as  follows: 

9 .  

10. 

11. 

12. 

13. 

14 6 

16. 

17. 

Press M E N U ,  1, 3 ,  a c c e s s i n g  t h e  SET BAROMETRIC PRESSURE screen .  - - -  a .  
b. Note t h e  barometr ic  p r e s s u r e  reading .  The barometr ic  p r e s s u r e  

reading  should ag ree  w i t h i n  5 2 mm mercury wi th  a r e l i a b l e .  
r e f e r e n c e  va lue  such a s  a l a b  barometer o r  a n  a l t i t u d e - c o r r e c t e d  
weather  bureau reading.  I f  t h e  va lues  a r e  n o t  i n  agreement,  see 
Sec t ion  3.2.5 t o  c a l i b r a t e  t h e  barometer. 

C.  P r e s s  CLEAR t w i c e  t o  r e t u r n  t o  t h e  M A I N  MENU. 

Check the  Sampler Probe p o s i t i o n  a s  fol lows pe r  Sec t ion  6.3.1.7, Probe 
Placement Tes t .  
Turn on both  gas  c y l i n d e r s ,  opening t h e  r e g u l a t o r s  completely,  and 
v e r i f y  t h a t  t he  gas  d e l i v e r y  p re s su re  i s  a t  approximately 5 PSI 2 1 and 
t h a t  t h e  volume is  a t  about 2000 PSI. I f  t h e  gas  p re s su re  i s  i n c o r r e c t ,  
r e f e r  to Sec t ion  5.4.20 t o  a d j u s t  t he  r e g u l a t o r s .  
Assemble and a t t a c h  the  Sample Preheater-Flow Cell-Reference e l e c t r o d e  
u n i t  t o  t he  E lec t rode  Rack Assembly p e r  Sec t ion  5.4.15. Do not  i n s t a l l  
t h e  e l e c t r o d e s  i n t o  t h e  Flow C e l l  y e t .  
At tach the  S Line  t o  t h e  bottom o f  t h e  Sample P rehea te r  by s l i d i n g  t h e  
tub ing  over  t he  Sample P r e h e a t e r  connec tor ,  then  s l i d i n g  t h e  crimp lock 
over  t h e  connect ion.  
Perform Sec t ions  5.3.5, 5.3.6, and 5.3.7 , precondi t ion ing  and i n s t a l l i n g  
t h e  e l e c t r o d e s  i n  t h e  Flow Cel l .  
Press CLEAR, CLEAR, 2 ,  7 ,  ENTER t o  i n i t i a t e  a f l u i d  p r i m e .  Wait u n t i l  
t h e  c y c l e  is complete ,  then p r e s s  2, I, ENTER €or  a f i n a l  p r i m e .  
P r e s s  MENU, 2 ,  6 .  ENTER t o  i n i t i a t e  a eas m i m e .  Wait u n t i l  t h e  c y c l e  

- - - - -  
Y .  - - - ,-. 

is complete. 
Remove t h e  2 h u m i d i f i e r  caps and f i l l  each humid i f i e r  to  t h e  l i n e  wi th  
de ionized  water.  

NOTE: Do no t  o v e r f i l l  t h e  humid i f i e r s .  

Follow the  Program I n i t i a l i z a t i o n  procedure (Sec t ion  2 ) .  

_'.,"/, 

. . . .  

.,.,...... 
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0 10 INSTRUMENT SPECIFICATIONS 9 

ORDERING INFORMATION AND WARRANTY 

Th i s  s e c t i o n  covers  Instrument  S p e c i f i c a t i o n s ,  Ordering Information,  and 
Warranty. 

10.1 Instrument  S p e c i f i c a t i o n s +  

Measurement Range 

Acceptable Samples 

Me as u t  i n g  Technology 

0 
Analysis  Rate 

Sample Volume 

Barometer 

Reagents 

C a l i b r a t i o n  Gases 

H c t  
Na 
K 
c a++ 
PH 
PCO2 
PO2 

2% - 70% 
80 - 200 mM 
1.0 - 20.0 mM 
0.1 - 4.9 mM 
6.50 - 8.00' 
3.0 - 200 IMU Hg 
0 - 800 mm Hg 

Whole Blood 
Plasma ( f o r  Na/K/Ca* only) 
Serum ( f o r  Na/K/Ca* only) 

Ion  S e l e c t i v e  Elec t rodes  ( N a ,  K, 
Caw, PH, P C O ~ )  
Amperometry (PO21 
Conduct iv i ty  (Hematocrit9 

S i n g l e  Throughput - 20 samples/hour 
Normal Throughput - 38 samples/hour. 

250 m i c r o l i t e r s  whole blood,  plasma, serum 

450 - 800 + 2 mm Hg - 

A s i n g l e  Reagent Pack con ta ins  a l l  f l u i d s  for 
300 samples (2100 t e s t s )  

Two (2)  Gas c y l i n d e r s  a r e  "E" s i z e  and con ta in  
gases  as follows: 

Gas Standard A SDecified Value Accuracv 

+ 0.03 X Carbon Dioxide 5.0 X 
Oxygen 20.0 % - + 0.03 % 

- 
Nitrogen Balance -- - 
Gas Standard B Spec i f i ed  Value Accuracy 

Carbon Dioxide 10.0 X + - 0.03 X 
N i t r ogen --- Ba 1 an ce 



pe L i m i t s  

9.0 10.5 
PO2 -2.0 - -7.0 
PC02 7.9 - 11.3 
Hct 45.0 - 98.0 
Na 9.0 - 10.7 
K 8.8 - 10.9 
Ca* 8.9 - 11.6 

S t a t  P r o f i l e  1 T y p i c a l  Day-To-Day P r e c i s i o n  
(NOVA S t a t  P r o f i l e  C o n t r o l s )  

Level  
1 2 :  3 

7 . 154 7.356 7 0555 
0 -004 0 -005 0 -005 

S t a t  is t i c  C o n s t i t u e n t  

PH Me an 
S. D e  

... ... .. 

71.8 46.7 23.3 
1.52 0.97 0 S O  
2.1 2.1 2.1 

M e  an 

-c. v. x 
S o  D o  

PC02 
(mm Hg) 

5 5  .8 97.9 138 -6  
1.69 2 -75 3 -29 
3 00 2 .8 2 .4 

Po., Mean 
S- D o  
c. v. x 

Hematocri t  
(XI 

28 .O 
0.33 
1.2 

56.4 
0 -69 
1.2 

Me an 
. S o  D o  
c. v. x 

117.2 
0.56 
0.5 

Sodium 
(mmol/L) 

M e  an 
S o  Do 
c. v. x 

156 .9 
0.55 
0 .4 

135 -9 
0.34 
0 03 

Potassium 
(mmol/L) 

5 078 
0.072 
1.2 

3 090 
0.043 
1.1 

1.87 
0 -032 
1.7 

Me a n  
S o  D o  
c. v. x .... . 

1.05 
0.009 
0.9 

0 - 5 3  
0.011 
2 . 1  

I o n i z e d  Calcium 
(mmol/L) 

Me an 
S o  D o  
c. v. x 

1.54 
0.023 
1.5 

N = 19 Days 
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E l e c t r i c a l  Compliance 0 
Temperature . 
Thermos ta t t ing  

P owe r 

FDA Labeling 

Wart ant y 

TO meet UL and CSA Standards 

37% + 0.1% - 

1 0 0 / 1 2 0 / 2 0 0 / 2 2 0 / 2 4 0  V 2 lo%, 50 /60  Hz 

For In Vitro  d iagnost ic  use 

One year on a l l  parts and wotkmanship except 
electrodes* ( 6  months) and tubing (30 days) 

*Speci f icat ions  are subject  to change. 
**Special warranty appl ies  t o  the ionized calcium e lectrode .  . 

' 
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Ordering Information 

ies and p a r t s  f o r  t he  S t a t  P r o f i l e  1 a r e  a v a i l a b l e  from NOVA Biomedical. 

DESCRIPTION I T E M  # 

S t a t  P r o f i l e  System 
Gas C a l i b r a t i o n  K i t  
C a l i b r a t i o n  Gas A 
C a l i b r a t i o n  Gas B 
Cy l inde r  Stand 
Cy l inde r  Hose 
Regula t o r  
Hose Clamps 
Washer Removal Tool 
Wrench 
I n s t r u c t i o n  Manual 
Maintenance Log 
Quick Reference Sheet 
Flow C e l l  
Calcium E lec t rode  
PCO2 E l e c t r o d e  
pH E l e c t r o d e  
PO2 E l e c t r o d e  
Potassium E lec t rode  
Reference E lec t rode  
Sodium E l e c t r o d e  
PC02 Membrane K i t  
PC02 Wick I n s e r t i o n  Tool 
PO2 Membrane K i t  
PO2 Membrane Tool 
Washer Replacement K i t  
Reagent Harness 
Septum Harness 
W/R Harness (2/Box) 
W/R Tubing Segments 
I n  terconne c t Tub ing 
Reagent Pack 
E lec t rode  Cleaning So lu t ion  
Ex te rna l  Con t ro l  Level 1, Acidosis 
E x t e r n a l  Con t ro l  Level 2 ,  Normal 
Ex te rna l  Con t ro l  Level 3 , Alka los i s  
Ex te rna l  Con t ro l  Multipack 
Hematocrit Level 1, Low Normal 
Hematocrit  Level 2 , High Normal 
PC% E l e c t r o l y t e  So lu t ion  
PO2 E l e c t r o l y t e  So lu t ion  
pH/PC02 Cond ' i n g  So lu t ion  
Na Condit ioning So lu t ion  
C a p i l l a r y  Adapters 

0 

06034 
06588 
065 86 
06587 
06546 
0 6548 
06545 
06549 
07157 
0 654 7 
070 17 
06530 
06654 
06017 
06007 
07541 
060 13 
0 60 15 
0 600 9 
06025 
06011 
0 7543 
07542 
06569 
06532 
07159 
065 16 
065 17 
072 72 
0750 1 
07 16 1 
054 15 
0697 9 
06550 
06551 
06552 
06839 
07494 
0 7495 
06553 
06554 
06857 
06856 
06529 

.,. .. .. . 

i 

__..  
_. . 
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DE SCRIPTION 

Sample Preheater(F1ow Cel l  holder) 
Line P o w e r  Cord 
Probe Adjustment Tool 
F i l t e r s  (lO/box) 
Printer Paper (10 Rolls) 
Sampler Probe-S Line 
Septum Assembly 
Shorting Strap 6 Parameter 
Sampler Probe Cleaning K i t  

ITEM # 

06525 

07 190 

00026 
06523 

06528. 
02 702 

01498 

07158 

06558 
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.3 Warranty 

j e c t  t o  t h e  e x c l u s i o n s  and upon t h e  cond i t ions  s p e c i f i e d  below, NOVA 
Biomedical o r  t h e  au tho r i zed  NOVA Biomedical d i s t r i b u t o r  warrants  t h a t  he w i l l  
c o r r e c t  f r e e  o f  a l l  charges inc lud ing  l a b o r ,  e i t h e r  by r e p a i r ,  o r  a t  h i s  
e l e c t i o n ,  by replacement ,  any p a r t  o f  an instrument  which f a i l s  w i t h i n  one (1) 
year  a f t e r  d e l i v e r y  t o  the  customer because of d e f e c t i v e  m a t e r i a l  o r  
workmanship. Th i s  warranty does n o t  i nc lude  normal wear from use and 
excludes:  (A) Se rv ice  o r  par t s  r equ i r ed  f o r  r e p a i r  t o  damage caused by 
a c c i d e n t ,  n e g l e c t ,  misuse,  a l t e r i n g  the  NOVA equipment, unfavorable  
environmental  c o n d i t i o n s ,  e l e c t r i c  c u r r e n t  f l u c t u a t i o n s ,  work performed by any 
p a r t y  o t h e r  t h a n  an au tho r i zed  NOVA r e p r e s e n t a t i v e  or any fo rce  o f  n a t u r e ;  (B) 
Work which, i n  t h e  s o l e  and e x c l u s i v e  opinion o f  NOVA, i s  i m p r a c t i c a l  t o  
perform because o f  Locat ion,  a l t e r a t i o n s  i n  the  NOVA equipment o r  connect ion 
of t h e  NOVA equipment t o  any o t h e r  device;  (C)  S p e c i f i c a t i o n  changes; (D) 
Serv ice  r e q u i r e d  due t o  use o f  expendables and/or  r e a g e n t s  no t  approved by 
NOVA; ( E )  Se rv ice  r e q u i r e d  because o f  problems, which, i n  t h e  s o l e  and 
e x c l u s i v e  op in ion  o f  NOVA, have been caused b y  any unauthorized t h i r d  p a r t y ;  
o r  (F) Instrument  r e f u r b i s h i n g  f o r  cosmetic purposes. A l l  p a r t s  replaced 
under the  o r i g i n a l  warranty w i l l  be  warranted only u n t i l  t h e  end o f  t he  
o r i g i n a l  instrument  warranty. A l l  r eques t s  f o r  warranty replacement must be 
r ece ived  by NOVA o r  t h e i r  au tho r i zed  d i s t r i b u t o r  w i th in  t h i r t y  (30) days a f t e r  
t h e  component f a i l u r e .  NOVA Biomedical r e s e r v e s  the  r i g h t  t o  change, a l t e r ,  
modify o r  improve any o f  i t s  instruments  without  any o b l i g a t i o n  t o  make 
corresponding changes t o  any in s t rumen t  previously s o l d  o r  shipped. The 

cep t ions  t o  t h e  above' a r e  the  following: 

1. The ion ized  calcium e l e c t r o d e  is warranted as  s t a t e d  on t he  i n s e r t  
shipped with t h e  e l e c t r o d e .  

2. The sodium, potassium, pH, PC02, and PO2 e l e c t r o d e s  a r e  
warranted for s i x  ( 6 )  months from the  d a t e  o f  u s e  provided they a r e  
s t o r e d  a t  room temperature  and placed i n t o  s e r v i c e  p r i o r  to  the 
d a t e  s t a t e d  on the  e l e c t r o d e ( s ) .  

3. C o n s u m a b l e  i t e m s ,  i n c l u d i n g  t h e  Reagent Pack ,  C a l i b r a t i o n  Gases,  
r e p l a c e a b l e  membranes, tubing and tubing ha rnesses ,  E l e c t r o l y t e  
S o l u t i o n s ,  e x t e r n a l  s t a n d a r d s ,  and Septum Assemblies a r e  warranted 
t o  be f r e e  o f  d e f e c t s  f o r  the replacement t i m e  per iod recommended 
in Table 5.1 o r  f o r  30 days -- whichever comes f i r s t  -- from the  
t i m e  o f  use. A l l  d e f e c t s  must be promptly r e p o r t e d  t o  NOVA 
Biomedical i n  w r i t i n g  and the  items must have been placed i n t o  
s e r v i c e  be fo re  the d a t e  s t a t e d  on the  package. 

4. F r e i g h t  is paid by customer. 
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THE FOREGOING OBLIGATIONS ARE I N  L I E U  O F  ALL OTHER OBLIGATIONS AND 
L I A B I L I T I E S  INCLUDING NEGLIGENCE AND ALL WARRANTIES, O F  MERCHANTABILITY 
OR OTHERWISE, EXPRESSED OR I M P L I E D  I N  FACT BY LAW AND STATE OUR E N T I R E  
AND EXCLUSIVE L I A B I L I T Y  AND BUYER'S EXCLUSIVE RElYEDY FOR ANY C L A N  OF 
DAMAGES I N  CONNECTION WITH THE SALE OR FURNISHING OF GOODS OR PARTS,  
T H E I R  D E S I G N ,  S U I T A B I L I T Y  FOR USE,  INSTALLATION OR OPERATION. 
BIOMEDICAL W I L L  I N  NO EVENT BE L I A B L E  FOR ANY S P E C I A L  OR CONSEQUENTIAL 
DAMAGES WHATSOEVER, AND OUR OUR L I A B I L I T Y  UNDER NO CIRCUMSTANCES WILL 
EXCEED THE CONTRACT P R I C E  FOR THE GOODS FOR WHICH THE L I A B I L I T Y  I S  
CLAIMED. 

NOVA 

I N  ORDER FOR THE WARRANTY T O  BE E F F E C T I V E ,  THE WARRANTY CARD MUST B E  
SENT T O  NOVA BIOMEDICAL, 200 PROSPECT ST., WALTHAM, MASSACHUSETTS, USA. 
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Index 

Sub j e c t  Sec t ion  

- . (decimal p o i n t )  . - 0 - 9 ( d i g i t s )  
AborTing C a l i b r a t i o n s  
A i r  Detector  
A i r  D e t e c t o r A  M i l l i v o l t  E r r o r s  
A i r  O s c i l l a t o r s  
A i r  Program E r r o r  
Ai rba th  Not Ready Message 
Analysis  
Analys is  Cycle 
Analysis  I n i t i a l  i z a t  i on  
Analysis  I n  Progress  Screen 
Analysis  Mode 
Analysis  Mode S e l e c t i o n  
Analysis  t o  Anal ys is D r  i E t 
A n a l y t i c a l  Compartment 
ANALYZE 
Analyzer Compartment Door Caut ion 
Ant icoagulants  
Au t o  c a 1 i b r  a t  i on 

Abort ing 
Subsys t e m  C a l i b r a t i o n  
Timer 0 

Barometer Check 
Barometric P r e s s u r e  

Constant  
Module 
Module Replacement 
Off se t  

B a t t e r y  
Blood Gas Heasured Resul t s  
Bypass Valve 

Descr ip t ion  
F a i l u r e  

c a* 
CAL 
Cal Gas Values Required Message 
Calcula ted  Resu l t s  
C a 1 cu 1 a t e d P a r  ame t e r s 
C a l i b r a t i n g  Gases 
C a l i b r a t i o n  
C a p i l l a r y  

Adapter 
Samp 1 ing 
Tubes 

- 

1.2.1 
1.2.1 
3 03.3 
6.3.1.5 
6.2.3 
6.3.6, 6.3.1.5 

281.1 
3.1 
3.1.2 
2.1 
3.1.2.1 S tep  3 
3.1.1 
2.2.2, 3.1.1 
6.2.12, 6.2.13 
1.2.4, 1.3 
1.2.1, 3.1 
5 04 
4.2 

6.2.18 

2.1.2 

3.2.3 
1.2.4.8 
5.4.19 
3.2.3 
2.3,. 2.2 

' 2.2.2 

1.2.5.3 
6.2.16 

See Ionized Calcium 
1.2.1, 3.3.1 
2.1.1 
2.2.3, 3.1.2.1 S tep  6 

7.3 
3.3 

8.4.2 

3.1.2.2 
3.1.2.2 
4.1 

I- 1 



Subject  

Carbon Dioxide 
E lec t rode  
E lec t rode  Replacement 
Membrane E r r o r s  
Theory 

Check Barometric P r e s s u r e  Message 
CLEAR 
Clock 
Commun i c a t i ons S ub s y s t em 
Control  Table E r r o r  
Con t r o 1 s 

Hema t o  cr  it 
S t a t  P r o f i l e  

Cursor 
Crimp lock 
CRT Display 
Cyc le  Delay 

Data Transmission 
Date /Time Not S e t  Message 
D e  f a u l t  Analysis  Mode 

f a u l t  Bar ome tr i c  P res s  u r e  
e f a u l t  Funct ions 
e f a u l t  Hematocrit  

Defau l t  Parameters 

E-Zero D r i f t  
E l e c  erode 
E lec t rode  O f f s e t s  
E lec t rode  Rack Assembly 
E lec t rode  Warm-up 
Electrode Washers 
E l e c t r o n i c  I n t e r f e r e n c e  
End-o f - 1 i n e  
ENTER 
E n t e r  System Password 
En te r  Sys t e m  Password Screen 
Entered Hematocrit 
Error Messages 
E r r o r  Codes 
Expired Gas Sampling 

- 

Fan F i l t e r  Replacement 
Flow 
Flow C e l l  

Des c r  i p t  ion 
Flush 

Sec t ion  

1.2.4.6 
5.4.8 
‘6.2.4 
8 03 03 
2.1.1. 3.2.03 
1.2.1 
3 02 04 
2.2.7 
6‘. 2 . 18 

7 .s 
7 04 
2 02 
5.4.17 
1.2.2 
6.3.1 

2.2.7 
3.2.4 
2.2.1, 3.1.1 
2.2.7 
2 02 
2.2.7 
2.2.7 

6.2.12. 6.2.l.3 
See S p e c i f i c  Electrode 
2.2.5 
5 04.19 
6.2 
5.4.7, 5.4.8. 5.4.9 
3.1.2.1 S tep  2 
2.2.7 
1.2 . 1 
2. l .1  
2.2 
2.2.7 
2.1.1 
6.1 
3 . 1.2.3 

5 -4.22 
6.2.1 

1.2.4.5 
5.4.6 
5.4.18 

...... 
. ..“I 
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Subject  

Flow C e l l  Condi t ioning 
Flow Path 
Flow Pa th  Cleaning 
F l u i d s  Deck 
Fuse Replacement 

Gas Cylinder  Replacement 
Gas Hose Connection 
Gas Humidif ier  Wells 
G a s  Percent  Composition 
G a s  Regulator  Adjustment 

Hct 
Hematocrit  

Desc r ip t ion  
Ca lcu la t ion  Error 
Theory 

Hemog 1 ob i n  
S u b s c r i p t s  
Theory 

Heparin 

I n d i v i d u a l  Measured R e s u l t s  
I n d i v i d u a l  Res u l  t Re p o r t i n g  
I n s t a b i l i t y  
I n s  t a l l a t i o n  

Re qu i r  emen t s 
Procedure 

Instrument  S t a t u s  L igh t  
I n s u f f i c i e n t  Sample 
Ionized  Calcium 

' Elec t rode  
E lec t rode  Replacement 
Theory 

K+ 
Keypad 

Main Menu 
Maintenance Log 
Maintenance Menu 
Ma i n  tenan ce  Procedures 
Major E r r o r  
Manual/Auto Modes 
Manual Barometic P res su re  
Math E r r o r  
Measured Parameters 
ME NU 
Menu 
Minor Er ro r  

- 

Sec t ion  

5 .1 .5 ,  504.3 
1.2.4 
5 .4 .1  
1.2 .5 
5.4.24 

5.4.23 
5 -4.23 
1 .2 .4 .2 ,  5.4.5 
5.1.8 
5.4.23 

See Hematocrit  

2.2.7 
6.2.17 
8.3 .5 

2 02 07 
8.4.2 
4.2 

2.2.3 . 

3.1.2.1 Step  5 
6.2.11 

9.1 
9 .2 

3.1.2.1 S tep  3 ,  6.2 
1.203 

1.2.4.6 
5 04 05 
8 .3 .1  

See Potassium 
1 .2 .1  

1.4.3 
5 ,  5 . 2  
5 .1  
5 04 
6 .1  
2.2.8 

6.2.18 
3.1.2.1 Step  5 
1 .2 .1  
1.4 
6.1, 1.1 

2 . 1 . 1 ,  2 .2.8 
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0 Sub jec t  

Na+ 
No S tanda rds ,  Sample, Gas,  A i r  

When Required 
Normal Values 
Normal Throughput 
Not Ready s c r e e n  

O f f s e t  Ranges 
One-Po i n  t C a l i b r a t i o n  
Opera t ion  Menu 
Oxygen 

E lec  t r ode 
E l e c t r o d e  Replacement 
Gain 
Membrane E r r o r s  
Membrane T e s t  
Theory 

Out-o f -Range 
Over load  

E l e c t r o l y t e  and pH 
Gas 

Pas sword 
PATIENT DATA 
P a t i e n t  Data 
Performance V e r i f i c a t i o n  Data 

- 

PC02 
PH 

Electrode 
E lec t t o  de Re placement 
Theory 

P inch  Valve 
eo2 
P o s i t i o n  Sample Screen 
Potassium 

E lec tr ode 
Elec  erode Replacement 
Theory 

Power Loss 
P r e c i s i o n  
Previous  Mode 
P r  i m e  

F l u i d  
Gas 

S e c t i o n  

See Sodium 

6.2.15 
4 03 
3.2.1 
201.1, 3.2.3 

2.2.5 
3.2 .I, a .2.2 
3 02 

1.2.4.6 
5.4.9 
6.3.1.4 
6.2.4 
6 e3.2. 1 
8 03 04 
6.2.14 

6 02 05 
6.2.6- 
6.2.7 

1.2.1 
2.2.7 
2.2, 2 
1.2.1 
1.3, 2 
5.2 
See  Ca 

.2 .9 

.2.7, 3.1.2.1 S t e p  4 

.rbon Dioxide 

1.2.4.6 
5.4.7 
8.3.2 
1.2 05 1 
See Oxygen 
3.1.2.1 S tep  1 

1.2.4.6 
5.4.7 
5.3.1 
2.3 
10.1 
2.2.1 

5.1.7 
5.1.6 
1.2.1 
2.2.7 

. .  . .  
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Sub jec t  

P r  i n  t e r 
P r i n t e r  Paper  Replacement 
P r i n t e r  Subsystem 
P r  in thead  

F a i l u r e  
C 1 e an i n g  

P r i n t o u t  
Program Logic E r r o r  
P U P  

Ready (Not Ready) For  Ana lys i s  Screen 
Reagent Harness  Rep l ac  emen t 
Reagent Flow C o n t r o l l e r s  
Reagent Pack 
Reagent Pack Empty Message 
Reagent Pack Replacement 
Reagent P r e h e a t e r  
Reagents 
R e c a l c u l a t i o n  o f Resu 1 t s 
Reference E l e c t r o d e  

Des cr i p t  i o n  
F lush  
R e  p 1 ace men t 0 R e s t r i c t i o n  Func t ions  

R e s u l t s  Copies  
R e  s u  1 t s T r  an s m i  s s i o n  

Sample Cup 
Sample Handl ing 
Sample Number Counter  Screen 
Sample P r e h e a t e r  

Flush 
Re placement 

Sample Prehea t e t  Not Ready 
Sampler On E r r o r  
Sampler Probe-S Line  

D e s c r i p t i o n  
Flush 
Replacement 

Samples 
Acceptable  
Ca p i  L lary  

Scheduled Maintenance 
S e l e c t  Throughput Screen  
Se p t  um Assembly 

D e s c r i p t i o n  
Replacement 

Septum Assembly I n l e t  P o r t  0 

Sec t ion  

1.2.1, 1.2.6 
5 04 020 
2.2.7 

2.2.7 
5.4.21 
3.1.2.1 S t e p  13 
6.2.18 
1.2.5.2 

1.4.1, 2.1.1, 3.1.1 
5.4.13 
1.2.5 
5.1.9, 7.1, 7.2 
2.1.1 
5.4.15 
1.2.4.1 
7.1, 7.2 
3.1.2.1 S t e p  12 

1.2 -4.7 
5.4.4 
5.4.8 
2 02 

'2.2.7 
2.2.8 

3.1.2 
4 
3.2.2 
1.2.4.4 
5.4.6 
5.4.18 
2.1.1 
6.2.18 

1.2.4.3 
5.4.6 
5.4.17 

4.1 
3.1.2, 4.1 
5 03 
3.2.1 

1.2.4.3 
5.4.16 
1.2, 5.4.4 



0 Subjec t  

Septum Harness Replacement 
Sequence Error Screen  
Se rv ice  Menu 
S e t  Barometr ic  P r e s s u r e  Sc reen  
S e t  C a l i b r a t i o n  Gases Message 
S e t  C a l i b r a t i o n  Gases Sc reen  
S e t  Date/Time Scteen  
S e t  Defau l t  Analys is  Mode Sc reen  
S e t  Defau l t  Parameters  Screen  
S e t  E l e c t r o l y t e  Reso lu t ion  Screen  
S e t  Manual/Auto Modes Screen  
S e t  Sample Number Counter  
S e t  Un i t s  Of Measurement Screen 
S e t  Up Menu Screen  
Shutdown Procedure  
S i n g l e  Throughput 
Slope E r r o r s  
Sodium 

Cond i t ion  i n  g 
Condi t ion ing  S o l u t i o n  
E l e c t r o d e  
Theory 
l u t i o n s  

Spec i f  i c a t  i on  Funct ions  
S tab  i,li t y  
STATUS 
S t a t u s  Screens 
Subsystem C a l i b r a t i o n s  

Abort  Caut ion 
Gas 
pH and Hct 
E l e c t r o l y t e  

Supp l i e s  
Subsystem T e s t  

A i r  De tec to r s  + H c t  
Analog I n p u t  
Blood Gases + pH 
Communications 
Cycle  Delay 
E l e c t r o l y t e s  . 

P r i n t e r  
System T e s t  
Temperature Con t ro l  

Syringe 
System E r r o r s  

Descr i p t i o n  
Troubleshoot ing  

y s t e m  Program S e t  Up 0 aystem S e t  Up Required Message 

Sec t i  on 

5.4.14 
6.1 
6.3 
3.2.3 
2.1.1 
5.1.8 
3.2.4 
2.2.1 
2.2.7 
2.2.4 
2.2.8, 3.2.3 
3.2.2 
2.2.6 
2.2, 3.1.2.1 S tep  5 
5.4.25 
3.2.1 
6.3.8 - 6.3.10 

5.1.4 
5.1.4 
1.2 -4.6 
8.3.1 
7.1 
5 05 
2.2 
6.2.11 

1.4.2 
1.2.1' 

3 03 02 
5.1 
5.1.1 
5.1.2 
5.1.3 
5 05 

6.3.6 
6.3.2 
6 -3.4 
6.3.8 
6.3.1 

6.3.8 
6.3.1 
6.3.3 
3.1.2 

6.3 -5  

6.1 
6.2.19 
2.2 
2.2 

. ... .. 
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Subjec t  

System T e s t  
A i r  O s c i l l a t o r s  and A i r  Detec tors  
Carbon Dioxide Membrane 
Funct ions 
Gas 
Oxygen Gain 
Pump 
Pump Bypass Valve 
Sample r  Probe P o s i t i o n  
Shor t ing  S t r a p  
Valve 

System Uncal ibra ted  Message 

Technical  Se rv ice  
Temperature I n s t a b i l i t y  
Temperature Thermos t a t t i n g  
Temperature Cor rec t ion  For Measured 

Values 
TEST SELECT 

. Troubleshoot ing 
- 
Two-Point C a l i b r a t i o n  ~ 

Unacceptable Resu l t s  On Aqueous 0 S tan da r d s 

Vacuum Tube 
VTIM E r r o r s  

Warranty 
Washer Removal Tool 
Washer Replacement 
W/R Harness Replacement 
W/R Tubing Segment Replacement 
W Bypass Tubing Segment 

Sec t ion  

6.3.1.5 

6.3.1.1 
6.3.1.9 
6.3.1.4 
6.3.1.6 

6.3.103 

6 03 1 LO 
6.3.1.7 
6.3.1.2 
6.3 01.8 
2.1.1 

6.2 
3.1.2.1 Step  2 
10.1 

8.4.1 
1.2.1, 2.2.1, 2.2.2, 3.1.1 
6.2 
3.3.1, 802.1 

6.2.20 - 6.2.22 
3.1.2 
6.2.18 

10.3 
5.4.7, 5.4.8, 5.409 
5.4.7, 5.4.8, 5.4.9 
5.4.12 
5.4.11 
5.4.11, 5.4.12 
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- Addendum - 

5.4.8 

This  procedure is f o r  the o l d - s t y l e  PC02 e l e c t r o d e  (PN 060191, i d e n t i f i a b l e  
by the  f i l l  h o l e  l o c a t e d  midway from t h e  s l e e v e  f ron t .  
procedure whenever Sec t ion  5 . 4 . 8  i s  referenced i n  t h e  t e x t .  
Membrane K i t  p a r t  number i s  PN 06565. 

Old-Style PC% Elec t rode  Condit ioning,  Membraning, and Replacement 

. 
Use t h i s  a l t e r n a t i v e  

The PC02 

Electrode T i p  

S 1 eeve 

Wick Paper , e 7 
Membrane 
Ca P 

/ 

E l  ec t rode 
Body 

Figure 1 ?cO2 Elec trocle ASS?;IID iy 

1. 

2. 
3. 

4. 
5 .  
6 .  
7.  

8. 

From t h e  Ready For A n a l y s i s  s c r e e n ,  p r e s s  E, 2, 1, 2, E ,  5 t o  man- 
u a l l y  p r i m e  gas and d i s p l a c e  f l u i d  from the flow c e l l .  
A f t e r  10 seconds,  , p r e s s  E, 0, 9 t o  s t o p  t h e  gas pr ime.  
P r e s s  3 t o  change t h e  PO2 g a i n  to  2. 
f l u s h  zr c a l i b r a t i o n  c y c l e s  f o r  maintenance 
T e s t  func t ion  w i l l  r e s u l t  i n  de l ay  of t h e  c y c l e s ,  b u t  t h e  PO2 g a i n  is 
the  most convenient . 
Open t h e  ana lyze r  compartment door. 
Unplug the  e l e c t r o d e  c a b l e  from the  e l e c t r o d e  r ack  assembly. 
Unclip t h e  PC02 e l e c t r o d e  and remove from the  flow c e l l .  
Remove t h e  PC02 washer us ing  the  washer removal t o o l  (hook the  washer 
with the  hook end o f  t h e  t o o l )  and, with a l i n t l e s s  t i s s u e  o r  swab, d r y  
t h e  e l e c t r o d e  chamber and washer throroughly.  If bubble  hang u p  at t h e  
e l e c t r o d e  t i p  was a problem, o r  i f  o t h e r  problems sugges t  a bad washer, 
r e p l a c e  t h e  washer. 
P o s i t i o n  t h e  t h i c k ,  small  h o l e  washer on t he  broad end o f  t h e  washer 
removal t o o l  (see Figure 2)  and, a l i g n i n g  the groove on t h e  washer 
removal t o o l  with the  flow c e l l  alignment p i n ,  i n s e r t  i t  i n t o  the  f ? ~  
c e l l ,  s e a t i n g  i t  against  the back -.J.~!,I . i f  the c'iarirb". 

( D o  t h i s  t o  d e l a y  automatic -- movement o f  any System 

FLOWCELL 

----___ 
TvpE ELECTRODE lye 

Washer (K Shown Here) 1. a** 
uRcE W E  

------- 0 ZWE pc - 
ma 

Figure 2 F l o w  Ce-- Washers and I n s e r t i o n  
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9. Close t h e  ana lyze r  compartment door. 
10. Remove t h e  PCO2 s l e e v e / c a p  u n i t  from the  top of t h e  e l e c t r o d e  ( s e e  

Figure 1) by p u l l i n g  s t r a i g h t  o f f .  
11. Remove and d i s c a r d  t h e  o ld  membrane cap and wick paper from t h e  s l eeve .  
12. I f  t h e  e l e c t r o d e  is new, o r  i f  you a r e  performing a t roub le shoo t ing  

procedure,  c o n d i t i o n  t h e  e l e c t r o d e  a s  follows. Otherwise,  con t inue  
wi th  S tep  13. 

0 

a. F i l l  a 2 m l  sample cup 1/2 f u l l  w i th  pH/PC02 Condit ioning Solu- 
t i on .  

b.  Place t h e  measuring end of t h e  e l e c t r o d e  i n t o  t h e  sample cup so  
t h a t  t h e  t i p  of t h e  e l e c t r o d e  is immersed i n  the  pH/PC02 Condi- 
t i o n i n g  So lu t ion .  

c. Condi t ion f o r  15 minutes. 
d.  Remove t h e  e l e c t r o d e  from the  cup and r i n s e  wi th  de ion ized  water.  
e. Dry t h e  e l e c t r o d e  t i p  with a l i n t l e s s  t i s s u e .  

13. Place a piece o f  wick paper i n t o  t h e  r e c e s s  on t h e  s l e e v e  and put a 
drop o f  e l e c t r o l y t e  s o l u t i o n  on the paper (F igu re  3).  
s o l u t i o n  w i l l  cause t h e  paper t o  s t i c k  t o  t h e  s l e e v e .  

The e l e c t r o l y t e  

PC02 Electro lyte  Solution 

Wick Paper 

Acryl ic  Cap 

Figure 3 Sleeve P repa ra t ion  

NOTE: When assembling t h e  e l e c t r o d e ,  touch t h e  membrane cap on 
t h e  edges only;  avoid c o n t a c t  with t h e  measuring s u r f a c e  
o f  t h e  membrane cap. 

. ..,. 

>.I.>.... 

_.. .. 

-... .,... 

14. I n s t a l l  t h e  membrane cap on t h e  s l e e v e  cap by hooking one edge o f  t he  
cap onto t h e  r i m  o f  t h e  s l e e v e  and working t h e  cap over t h e  s l e e v e  r i m  
(F igu re  4). B e  c a r e f u l  no t  t o  d i s t u r b  t h e  wick paper o r  touch the  
e x t e r n a l  membrane cap s u r f a c e  during t h i s  procedure. 
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Figure 4 Sleeve-Membrane Cap I n s t a l l a t i o n  

1 5 .  F i l l  t h e  s l e e v e f c a p  u n i t  t o  t he  vent  ho le  with PC02 E l e c t r o l y t e  

16. T i l t  t h e  membraned cap a t  a 4 5 O  ang le  and, with the  f i l l  h o l e  up ( t o  
avoid l e a k i n g  s o l u t i o n  ou t  the f i l l  h o l e ) ,  i n s e r t  t h e  e l e c t r o d e  i n t o  
t h e  cap ,  p r e s s i n g  down E i r m l y  t o  ensure a good s e a l  ( F i g u r e  5 ) .  

- Solut ion.  

Figure 5 Electrode-SleevefCap I n s e r t i o n  

17. Degas t h e  e l e c t r o d e  a s  follows: 

a. Hold t h e  e l e c t r o d e  with the cap downward. Cover the ven t  h o l e , '  
and with a wrist-snapping motion, shake t h e  e l e c t r o d e  down t o  move 
a i r  bubbles to  t h e  back of t he  e l e c t r o d e .  

b l e s .  I f  bubbles a r e  p r e s e n t ,  t a p  t h e  e l e c t r o d e  with a f i n g e r  to 
loosen t h e  bubbles and aga in  shake the  e l e c t r o d e  down. Repeat i f  
necessary.  

b. With t h e  e l e c t r o d e  t i p  s t i l l  downward, observe the  t i p  f o r  bub- 
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18. Dry the o u t s i d e  o f  t h e  e l e c t r o d e  body with a l i n t l e s s  t i s s u e .  Do no t  

19. Open the ana lyze r  compartment door. 
20. I n s e r t  t he  e l e c t r o d e  i n t o  t h e  flow c e l l  by a l i g n i n g  t h e  groove on t h e  

s l e e v e  so t h a t  i t  is  a l i g n e d  with the  flow c e l l  chamber alignment p in  
(F igu re  6 ) .  Next, i n s e r t  t h e  e l e c t r o d e  guide pin and e l e c t r o d e  body 
i n t o  the flow c e l l ,  c l i p p i n g  t h e  e l e c t r o d e  i n t o  place.  Plug the c a b l e  
i n t o  t h e  e l e c t r o d e  r ack  assembly. Close t h e  ana lyze r  compartment door. 

touch the  s u r f a c e  o f  t h e  membrane. 

Figure 6 PGO2 Electrode-Flow C e l l  Alignment 

21. Wait 15 minutes f o r  t he  e l e c t r o d e  to come t o  temperature.  
22. Press CLEAR, CLEAR, CLEAR t o  r e t u r n  t o  the Ready (Not Ready) f o r  

23. Condition with whole blood a s  fol lows:  
Analysis screen.  

NOTE: A l l  e l e c t r o d e s  must be i n  the  flow c e l l  du r ing  a Flow 
C e l l  Condi t ioning cyc le .  

a .  F i l l  a 2 m l  sample cup 1/2 f u l l  of whole blood. 
b. 

c. Press ANALYZE t o  a s p i r a t e  t h e  blood. Withdraw t h e  cup when t h e  

From the Ready For Analysis  s c r e e n ,  p re s s  MENU, 2, 2 and p resen t  
t h e  blood t o  t h e  probe. 

probe r e t r a c t s .  

24. Afte r  completion o f  t h e  c o n d i t i o n i n g  c y c l e ,  p re s s  MENU, 2 ,  1, ENTER,  
i n i t i a t i n g  a gas c a l i b r a t i o n  t o  v e r i f y  e l e c t r o d e  performance. I f  t he  

- - - -  
e l e c t r o d e - d o e s  no t  c a l i b r a t e  due t o  s i o p e  e r r o r s  ,-remove a i r  bubbles a s  
follows: 

a. Open the ana lyze r  compartment door ,  remove t h e  e l e c t r o d e ,  unplug 
t h e  c a b l e ,  and degas p e r  S t ep  17. Do no t  add more E l e c t r o l y t e  
s o l u  t i on. 

t h e  analyzer  compartment door. 

v e r i f y  e l e c  t rode  performance . 
b. Re inse r t  t h e  e l e c t r o d e  i n t o  t h e  flow c e l l  p e r  Step 2 0 ,  and c l o s e  

, c. P res s  HENU, 2 ,  1, ENTER, aga in  i n i t i a t i n g  a gas c a l i b r a t i o n  t o  - - - -  

.,. .. 

c - "! 
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NOVA’ B I OM E DICAL 
CUSTOMER’S WARRANTY 
NOVA STAT PROFILE ANALYZER 

“ANTY 

to the exclusions and upon the conditions speclfred below. NOVA a ical or the authonzed NOVA Biomedical distnbutor warrants that he will co free of all charges including labor. either by repair. or at his election by 
replacement. any part of an instrument which fails within one (1) yew after 
delivery to the customer because of defective material or workmanship This 
warranty does not include normal wear from use and excludes: (A) Service or 
parts required for repair to damage caused by accident. neglect, misusa altering 
the NOVA equipment. unfavorable environmental conditions. electric current 
fluctuations. work Mormed by any party other than an authorized NOVA 
wesentative or any force of nature: (8) work which, in the sole and exclusive 
Opinion of NOVA. is impractical to perform because of location. alterations in the 
NOVA equipment or connection of the NOVA equipment to any other devh:  
(C) Specification changes: (D) Service required due to use of expendables and/ 
01 reagents not approved by NOVA: (E) Service required because of problems. 
which, in the sole and exclusive winion of NOVA. have been cawed by any 
unauthorized third pat-ly: w(F) Instrument refurbishing for cosmetic puwoses. 
All porta replaced under the orlginal warranty will be warranted only until 
the ond of the Orlgl~l Instrument wamnty. All requost3 for wamnty 
mpl@cement must bo received by NOVA of thelr authorlzed dlstrlbutor 
withln thirty (30) days after the component failum. NOVA Biomedical 
m m e s  the right to change, alter. modify or improve any of its instruments 
without any W i t i o n  to make conesponding changes to any instrument 
peviously sold of shipped. The exceptions to the above are the following: 

1. Theionired calcium electrode iswarranted as stated on the insert shippedwith 
the electrode 

INSTRUCTIONS 

OUT COMPLETELY. e 

The sodium. potassium. pH. P C 0 2  and PO2 electrodes are warranted for SIX 
(6) months from the date of use provlded they are stored at room temperature 
ana placed into service prior to the date stated on the electrode(s). 
Consumable items, including the Reagent Pack. Calibration Gases. replace- 
able membranes. tubing and tubing harnesses. Electrolyte Solutions. external 
standards and Septum Assemblies are warranted to be free of defects for the 
replacement time period recommended in Table5.1 or for30 days - whichever 
comes first- from the time of use. All defects must be promptly reported to 
NOVA Biomedical in writing and the items must have been olaced into service 
before the date stated on the package. 
Freight is XU by customer: 

THE FOFiEGOlNG OBLIGATIONS ARE IN LIEU OF ALL OTHER OBLIGATIONS 
AND LIABILITIES INCLUDING NEGLIGENCE AND ALL WARRANTILS. 0;. 
MERCHANTABILITY OR OTHERWISE. EXPRESSED OR IMPLIED IN FACT BY 

AND STATE OUR ENTIRE AND EXCLUSIVE~LIABILITY AND BUYER’S 
CCLUSIVE REMEOY FOR ANY CLAIM OF DAMAGES IN CONNECTION V!;TH 
THE SALE OP FURNlSHlNG OF GOODS OR PARTS. THEIR DES”“. 
SUITA0IL;lY FOR USE. INSTALLATION OR OPERATION. NOVA BIOMEDICAL 
WILL IN NO M N Y  BE LIABLE FOR ANY SPECIAL OR CONSEQUENTIAL 
DAMAGESWHATSOWER. ANDOURLIABILITYUNDER NOCIRCUMSlANCES 
WILL EXCEED THE CONTRACT PRICE FOR THE GOODS FOR WHICH THE 
LIABILITY IS CLAIMED. 
IN ORDE.3 F07 THE WARRANTY f0 BE EFFECTIVE. THE WARRANTY CAqD 

WALTHAM. MASSACHUSETTS. UM.  
MUST BE SIGNED AND SENT T a  NOVA BIOMEDICAL. 200 PROSPECT --. 

2. I n  order for the Warranty to be effective, the warranty card must be 
signed and dated as of the date of delivery and sent to NOVA 
BIOMEDICAL, WALTHAM, MASSACHUSETTS 

3. Retain the customer copy for your files. 
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